
 
In Association with 

  

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B   Page i 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU   

 
 
 
 

Geotechnical Engineering Report: 
Segment 2A Wall 9.05R-B 

FDC-054 
 
 

 

 

 

 

WSDOT I-405 Renton to Bellevue Design-Build 

Renton to Bellevue, Washington 

Project # PS19-20316-0 

 

Prepared for: 

Flatiron-Lane Joint Venture 

 

Prepared by: 

Wood Environment & Infrastructure Solutions, Inc. 
4020 Lake Washington Blvd NE, Suite 200 
Kirkland, Washington 98033 
T: (425)368-1000 

 

December 17, 2021 

 

charlotte.karasek
Stamp



In Association with 

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B Page ii 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU 

Prepared by: 

Anthony Pusic, P.Eng. 
Geotechnical Engineer  
Direct Tel.: (519) 981-4056 
E-mail: anthony.pusic@woodplc.com

Todd Wentworth, PE, LG,  
Principal Geotechnical Engineer 
Direct Tel.: (425) 864-0517 
E-mail: todd.wentworth@woodplc.com

2021-12-17

mailto:anthony.pusic@woodplc.com
mailto:todd.wentworth@woodplc.com


 
In Association with 

  

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B   Page iii 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU   

Table of Contents 
List of acronyms .................................................................................................................................... v 

1.0 Description of Structure ............................................................................................................... 1 

1.1 Structure Location and Forward Compatibility .................................................................................... 1 

1.2 Site Surface Conditions ........................................................................................................................ 2 

2.0 Exploration and Laboratory Testing ............................................................................................. 2 

3.0 Subsurface Conditions ................................................................................................................. 3 

3.1 Geologic Setting .................................................................................................................................. 3 

3.2 Site Soil Conditions .............................................................................................................................. 3 

3.3 Site Groundwater Conditions .............................................................................................................. 4 

4.0 Geologic Hazards ......................................................................................................................... 4 

5.0 Design Soil Properties .................................................................................................................. 5 

5.1 Description of Units ............................................................................................................................. 5 

5.2 Soil Properties ..................................................................................................................................... 6 

6.0 Engineering Analyses ................................................................................................................... 6 

6.1 Soil-Grout Bond Strength .................................................................................................................... 6 

6.2 Surcharge Pressure Considerations ...................................................................................................... 7 

6.3 Resistance Factors ............................................................................................................................... 7 

6.4 Stability of Soil Nail Walls .................................................................................................................... 7 

7.0 Soil Nail Wall Design .................................................................................................................... 9 

7.1 Design Wall Sections ........................................................................................................................... 9 

7.2 Cross-Section A–A’ Sta. 01+40 ............................................................................................................ 10 

7.3 Cross-Section B–B’ Sta. 03+80 ............................................................................................................. 11 

7.4 Cross-Section C–C’ Sta. 05+20 ............................................................................................................. 12 

7.5 Soil Nail Wall General Recommendations ........................................................................................... 13 

8.0 Construction and Maintenance Considerations .......................................................................... 15 

8.1 Construction ...................................................................................................................................... 15 

8.2 Maintenance ...................................................................................................................................... 15 

9.0 References ................................................................................................................................. 15 

 



 
In Association with 

  

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B   Page iv 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU   

List of figures 
Figure 1: Soil Nail Design Criteria ............................................................................................................................................... 10 

List of tables 
Table 1: Summary of Wall 9.05R .................................................................................................................................................. 1 

Table 2: Wall 9.05R-B Exploration Compliance Summary ........................................................................................................... 2 

Table 3: Wall 9.05R-B Geologic Unit Descriptions ....................................................................................................................... 3 

Table 4: Segment 2A Seismic Design Parameters ......................................................................................................................... 4 

Table 5: Height Effects Parameter Calculations ............................................................................................................................ 5 

Table 6: ESU Units and Descriptions ............................................................................................................................................. 5 

Table 7: Wall 9.05R-B Design Soil Properties .............................................................................................................................. 6 

Table 8: ESU Ultimate Bond Strength ........................................................................................................................................... 7 

Table 9: Wall Design Resistance Factors ....................................................................................................................................... 7 

Table 10: Design Factors of Safety – Project Wall ........................................................................................................................ 8 

Table 11: Design Factors of Safety – Future Wall ......................................................................................................................... 8 

Table 12: Design Sections .............................................................................................................................................................. 9 

Table 13: Cross Section A–A’ Sta. 01+40 ESUs ......................................................................................................................... 11 

Table 14: Cross Section A–A’ Sta. 01+40 Design Information ................................................................................................... 11 

Table 15: Cross Section B–B’ Sta. 03+80 ESUs .......................................................................................................................... 12 

Table 16: Cross Section B–B’ Sta. 03+80 Design Information ................................................................................................... 12 

Table 17: Cross Section C–C’ Sta. 05+20 ESUs .......................................................................................................................... 13 

Table 18: Cross Section C–C’ Sta. 05+20 Design Information ................................................................................................... 13 

List of appendices 
Appendix A Wall Design Plan Sheets and ESU Cross Sections and Profiles 

Appendix B Field Exploration Procedures and Logs 

Appendix C Laboratory Testing Procedures and Results 

Appendix D ESU Soil Properties 

Appendix E Test Pit Logs  

Appendix F Calculation Packages 

Appendix G Soil Nail Verification Test Results 

  



 
In Association with 

  

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B   Page v 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU   

List of acronyms 
DLT design load transfer  

ESU Engineering Stratigraphic Unit 

Flatiron-Lane Flatiron-Lane Joint Venture 

Project GDM Project Geotechnical Design Manual, consisting of WSDOT’s 2015 Geotechnical Design Manual, along 
with project-specific Chapters 6 (Seismic) and 15 (Retaining Walls) from Request for Proposal Addendum 9 

I-405 Interstate 405 

plf pounds per linear foot  

Sta. Station 

Wood Wood Environment & Infrastructure Solutions, Inc. 

WSDOT Washington State Department of Transportation 

 



 
In Association with 

 

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B   Page 1 

File Name: 2021-12-17 Wall 9.05R-B Geotechnical Report RFU 

1.0 Description of Structure 1 
This document presents our geotechnical engineering analysis for retaining wall 9.05R-B, located near northbound Interstate 2 
405 (I-405) Station (Sta.) 7780+00; Wall Sta. 1+00 to 6+05, in support of the Washington State Department of Transportation 3 
(WSDOT) I-405 Renton to Bellevue Design-Build project. This report supersedes the original Released For Use version of this 4 
report (Wood 2020a). The changes to the report were due to the testing data collected during the soil nail verification tests. 5 

During initial construction of the wall in 2021, test pit standup tests and soil nail verification tests were performed. The test pits 6 
demonstrated adequate standup for soil nail wall excavation (see Section 3.2). However, some of the soil nail verification tests 7 
did not pass, due to pullout occurring prior to reaching the maximum design load transfer (DLT) required (see Section 6.1). 8 
The verification tests were conducted in soils similar to the soils found in the borings and consistent with the Engineering 9 
Stratigraphic Units (ESUs) used for design. There were no errors in testing, such as the bond zone being measured incorrectly, 10 
poor grout, unsuitable testing equipment, incorrect procedures, etc. It appears that the low overburden pressure at the test nail 11 
elevations and auger drilling method resulted in lower DLTs than initially assumed. The initial pullout resistance was based on 12 
empirical guidelines and after receiving site-specific data, the pullout resistance was adjusted to be consistent with the site-13 
specific conditions. Discussion of the soil types can be found in Sections 2.0 and 3.2, and further discussion of the soil-grout 14 
bond strength can be found in Section 6.1.  15 

Due to the lower pullout resistance of the soil nail verification tests, the Flatiron-Lane Joint Venture (Flatiron-Lane) 16 
construction team directed Wood Environment & Infrastructure Solutions, Inc. (Wood) to revise the calculations and 17 
recommendations in the report to accommodate the actual verification test results. Wood was directed to engineer a soil nail 18 
wall design using the lowest pullout resistance achieved from the verification tests. Therefore, this report utilizes a soil-grout 19 
bond stress and recommends a DLT that was both achieved in the soil nail verification tests and that is lower than the DLT 20 
presented in the original report. 21 

This report has been prepared in accordance with the requirements presented in the I-405 Renton to Bellevue Widening Project 22 
Request for Proposal, specifically Section 2.6.5.3, and the applicable sections of the Project Geotechnical Design Manual 23 
(GDM) which consists of the WSDOT Geotechnical Design Manual (WSDOT 2015), along with project-specific Chapters 6 24 
(Seismic) and 15 (Retaining Walls) from the Request for Proposal Addendum 9. 25 

1.1 Structure Location and Forward Compatibility 26 
The retaining wall is located on the east side of I-405 near the Newport Hills park-and-ride. Wall 9.05R-B will be located on 27 
the new shoulder of the northbound lane of the off-ramp at 112th Avenue SE. The location of the retaining wall is shown in the 28 
Retaining Wall Plan and Profile (Appendix A) and described in detail in the structural plans. A soil nail wall is planned to 29 
support a cut into the existing slope. 30 

Wall 9.05R-B will be designed for forward compatibility. Although the wall may not be excavated to the full future depth 31 
during construction of this project, the wall will be designed for the future condition. The construction plan for forward 32 
compatibility is that the soil nail wall will be constructed as deep as necessary to accommodate the current Request for 33 
Proposal requirements, and then in the future, construction can continue by excavating steps and installing soil nail rows until 34 
the future bottom of wall is complete. From the current design perspective, this means that the soil nails that are installed now 35 
must be compatible with the final future wall. To accomplish this design, the future compatible wall layout has been analyzed. 36 
Engineering analyses and design recommendations stated in this report are intended for the future-compatible wall. Table 1 37 
summarizes the wall structure. Wood understands that only a portion of this wall will be constructed under the current contract. 38 

Table 1: Summary of Wall 9.05R 39 

Start 
Station 

End 
Station 

Design 
Station 

Max. Exposed 
Height (feet) 

Max. FC Exposed 
Height (feet) 

Fore slope 
(degree 

Back slope 
(degree) 

Wall 
Type 

1+00 6+06 
1+40 9 19 24 22 Soil 

Nail 
Wall 

3+80 34 39 0 0 
5+20 19 25 0 18 

Abbreviations: 40 
FC= forward compatibility Max. = maximum 41 
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1.2 Site Surface Conditions 42 
Overall topography along this segment of I-405 has gentle sloping highway grade down to the north. The highway is located on 43 
the west slope of a hillside that slopes down to Lake Washington to the west. Most of the slope inclines at around 2.5H:1V 44 
(horizontal:vertical), but occasionally is as a steep as 2H:1V. 45 

The wall is located south of the 112th Avenue SE interchange on the slope that rises from the highway shoulder. Lake 46 
Washington Boulevard SE is located behind the wall on top of the slope. Existing and new utilities along I-405 will be 47 
described in the project’s utility management plan submittal (Submittal No. 013). The structural plans do not indicate any 48 
utility impacts related to the wall. 49 

2.0 Exploration and Laboratory Testing 50 
Geotechnical explorations were performed as part of Subsurface Investigation Plan Nos. 2 and 3 (Wood 2020b and 2020c) to 51 
supplement exploration from the project Geotechnical Data Report (WSDOT 2018a). Soil boring logs can be found in 52 
Appendix B. Results of soil laboratory testing performed for this report are included in Appendix C. The exploration locations 53 
are also shown on the Retaining Wall Plan and Profile (Appendix A). 54 

Wood explored surface and subsurface conditions at the project site between April 15 and May 19, 2020. The exploration and 55 
testing program comprised the following elements: 56 

• Four borings with Standard Penetration Test samples taken at 5-foot intervals were advanced at the approximate 57 
locations shown on the Retaining Wall Plan and Profile (Appendix A). The borings are summarized in 58 
Appendix B. 59 

• Laboratory testing consisted of grain-size analyses, hydrometer analyses, 200 washes, moisture content 60 
determinations, and plasticity testing. These are summarized in Appendix C. 61 

• Two borings and associated laboratory testing from the project Geotechnical Data Report (WSDOT 2018a) are 62 
included in the investigation for this wall. They are included in the appendices. 63 

Table B-1 in Appendix B summarizes the locations, surface elevations, and termination depths of the subsurface explorations 64 
used for designing this wall. Explorations W-117-20 and W-118-20 provide information supporting the interpreted consistent 65 
soil conditions at the wall face. Explorations W-64mw-20, R2B-65-17, and R2B-66-17 are located east of the face and allow 66 
interpretation of ESU stratigraphy in the bond zone; in addition, explorations W-64mw-20 and R2B-65-17 are positioned to 67 
allow interpretation at both the wall face and bond zone. ESU soil properties are included in Appendix D. Given the dense, 68 
consistent soil conditions, these six borings are sufficient to characterize this wall, which is 500 feet long. Therefore, 69 
geotechnical investigation for wall 9.05R-B meets the requirements in Section 15.3.4 of the Project GDM. Table 2 outlines the 70 
exploration requirement for compliance. 71 

Table 2: Wall 9.05R-B Exploration Compliance Summary 72 

Critical 
Foreslope/
Backslope 

Ground 
Condition 

Explorations Boring 
in 

Bond 
Zone? 

Compliant? Notes No. 
Req’d 

Reference ID 
(Total #) 

Spacing 
(feet) 

Max. 
Depth 

Neither Good 3 

W-64-20, W-65-20, 
W-117-20, W-118-20, 

R2B-65-17,  
R2B-66-17 (6) 

200 79.5 Yes Yes 

Test pits 
were 

completed 
and verified 

Abbreviations: 73 
Max. = maximum 74 
Req’d = required 75 
Test pits excavated prior to construction for evaluation of the facing stability are presented in Appendix E. These two test pits 76 
(W-TP5-21 and W-TP6-21) were excavated on March 16, 2021, to verify facing stability for construction as required by 77 
Section 15-3.4.2.1 of the Project GDM and project plans. The soils observed were consistent with the previous explorations 78 
and interpretation of ESUs. 79 
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The soil conditions observed during drilling of the verification test nails appeared to be consistent with the explorations; 80 
however, observing disturbed drill cuttings and drilling action is not as accurate as the other exploration performed for this 81 
report. 82 

3.0 Subsurface Conditions 83 

3.1 Geologic Setting 84 
The project lies within the southern portion of the Puget Sound Lowland physiographic region. The Puget Sound Lowland has 85 
undergone physiographic and depositional changes due to at least five glacial episodes. The last glaciation that occurred in the 86 
region was the Vashon Stade of the Fraser Glaciation, which ended approximately 13,500 years ago. 87 

The advance of the Vashon Glacier deepened and widened the north/south trending valleys situated between the Olympic 88 
Mountains and the Cascade Range in western Washington. In the Seattle area, the Vashon Stade is represented by four 89 
stratigraphic units (from oldest to youngest): Lawton Clay, Esperance Sand, Vashon Till, and Vashon recessional deposits, 90 
which make up the Vashon Drift (Galster and Laprade 1991). 91 

As the Vashon glacial lobe advanced south and blocked the northern portion of the Puget Sound basin, a lake was formed, and 92 
fine-grained sediments were deposited. The glaciolacustrine deposit, known as the Lawton Clay, is reported to be present in the 93 
Seattle area as high as 150 feet above mean sea level. A fine-to-medium-grained sand unit was deposited above the Lawton 94 
Clay by meltwater streams issuing from the advancing ice sheet as it neared the Seattle area. That sand unit is called the 95 
Esperance Sand Member. The Lawton Clay and Esperance Sand are sometimes intermixed and interbedded, and the contact 96 
between the two soil types may be gradational. Both deposits were overridden by an estimated 3,000 feet of ice, which 97 
consolidated them into hard or dense layers. A mantle of the Vashon Till was deposited on top of the Esperance Sand and 98 
Lawton Clay. The Esperance Sand and Lawton Clay deposits were overlain by Vashon Till, also overridden by the ice sheet. 99 
These units are mantled by recessional deposits that were formed during the retreat of the ice sheet. Holocene modification of 100 
the glacial landscape in the last 11,700 years and recent activities helped sculpt the landform that is today. 101 

The geologic unit descriptions and stratigraphy used by Wood are based on the mapped and structural geology (McKnight 102 
1923, Waldron et al. 1962, Mullineaux 1965, Yount et al. 1993, Johnson et al. 1994, Liberty and Pratt 2008, Troost 2012, and 103 
WSDOT 2018a and 2018b) and as described by others (Golder 1993, Shannon & Wilson 2000, and GeoEngineers 2008) in the 104 
project vicinity. Wood simplified the geologic units for converting them into ESUs, which were used for foundation design of 105 
the structure. These modifications to the geologic units consisted of combining the Quaternary period Pleistocene and 106 
Holocene epoch soils. The geologic units encountered at the subject site, along with a brief discussion of their descriptions 107 
used for the project geology are provided in Table 3. 108 

Table 3: Wall 9.05R-B Geologic Unit Descriptions 109 

Geologic Unit 
Name Abbrev. Geologic Unit Description 

Q
ua

te
rn

ar
y 

Fill Af Fill placed by humans, both engineered and uncontrolled fill consisting of various materials, 
including debris; typically dense or stiff if engineered, but very loose to dense or very soft 

to stiff if uncontrolled fill 
Vashon 

Glacial Till 
Qvt Lodgment till laid down along the base of the glacial ice and overridden by the weight of 

glacial ice, consisting of gravelly, silty sand, or gravelly, sandy silt (“hardpan”); boulders 
and cobbles common; gray and very dense, and in its weathered state may be oxidized 

brown and medium dense to dense. Sometimes referred to as a diamicton. 
Advance 
Outwash 

Qva Glaciofluvial sediments deposited as the glacial ice advanced through the Puget Lowland 
and overridden by the weight of glacial ice; typically stratified, light brown to gray, sand, 

gravelly sand, and sandy gravel; dense to very dense 
 110 

3.2 Site Soil Conditions 111 
Some explorations encountered fill from construction of the 112th Avenue SE interchange and the Newport Hills park-and-ride 112 
lot varying in thicknesses from 3 to 20 feet. The fill was divided into two strata: loose sand and gravel, and dense sand and 113 
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gravel. The underlying native soil consisted of glacially overridden Vashon-age glacial till and glacial outwash to the full 114 
depths explored. The two test pits excavated prior to wall construction disclosed conditions similar to those described above. 115 
The southernmost test pit, W-TP5-21, which was excavated near the south end of the wall, encountered medium dense sandy 116 
silt with scattered organics (rootlets) interpreted as fill; overlying dense, poorly graded sand with interbedded gravel that was 117 
interpreted as advance outwash. Test pit W-TP6-21, which was excavated near the central portion of the wall, also encountered 118 
fill soils which in turn mantled dense silty sand that was interpreted as glacial till. The glacial till in turn mantled dense, poorly 119 
graded sand with interbedded gravel that was interpreted as advance outwash. 120 

The exploration logs included in Appendix B and Appendix E provide detailed descriptions of the soil stratigraphy encountered 121 
during the subsurface explorations. The ESU profile and cross sections in Appendix A depict our interpretations of the 122 
stratigraphy. 123 

The soil types encountered during the soil nail verification tests were consistent with the explorations. Glacial till consisting of 124 
dense silty sand and advance outwash consisting of dense sand was observed during verification of the soil nails.  125 

3.3 Site Groundwater Conditions 126 
Groundwater was not encountered at the time of drilling the explorations. Measurements taken from the monitoring well 127 
installed in W-64mw-20 indicated no groundwater present. Given the soil stratigraphy, there is a possibility of perched 128 
groundwater to accumulate with the fill above the glacial till (presented in Appendix A as ESU 4C) during wet periods of the 129 
year (due to glacial till inhibiting the infiltration of rainfall). Note that fluctuations of groundwater conditions may occur due to 130 
seasonal variations in the amount of rainfall, runoff, construction activities, and other factors not evident at the time borings 131 
were performed. 132 

4.0 Geologic Hazards 133 
The only applicable geologic hazard relative to this retaining wall is seismic stability. The design calculation package 134 
presenting detailed evaluations according to WSDOT-specific project requirements for determining the seismic parameters can 135 
be found in Appendix F. The seismic parameters for the area are summarized in Table 4 and correspond to a return period of 136 
about 1,000 years for the Safety Evaluation Earthquake. Seismic overall stability was analyzed per the Project GDM, 137 
Section 6.1.2.1. 138 

Table 4: Segment 2A Seismic Design Parameters 139 

Parameter 
Return Period 

1,000-year (SEE) 

Site class C 
Peak ground acceleration (PGA) 0.431g 

FPGA 1.200 
Site-adjusted peak ground acceleration (AS) 0.517g 

Short-period (0.2-second) spectral acceleration (SS) 0.98g 
Site coefficient (Fa) 1.200 

Short-period design response acceleration (SDS) = SS x Fa 1.176g 
1-second period spectral acceleration (S1) 0.283g 

Site coefficient (Fv) 1.500 
1-second design response acceleration SD1 = S1 x Fv 0.425g 

Mean earthquake magnitude (Mw) 7.0 
Abbreviations: 140 
SEE = Safety Evaluation Earthquake 141 
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The seismic coefficient parameter procedures are summarized in Section 6.2.2, Limit Equilibrium Pseudo Static Stability 142 
Analysis, in Geotechnical Engineering Circular No. 3 (Kavazanjian 2011). To briefly summarize, the procedure modifies the 143 
average peak acceleration to account for slope height effects, in accordance with equations as shown below: 144 

kav =α ∙ kmax 145 

α =1+0.01∙H∙(0.5∙β -1) 146 

Where: 147 
H = slope height (feet) and β is a function of the shape of the acceleration response spectrum as given by: 148 

β = Fv∙S1 / kmax 149 

The height effects parameter, α, were calculated for various wall heights as shown in Table 5. 150 

Table 5: Height Effects Parameter Calculations 151 

Wall Height (feet) As (g) SD1 (g) α kh (g) Station No. 

20 0.517 0.425 0.88 0.23 1+40  
25 0.517 0.425 0.85 0.22 5+20 
40 0.517 0.425 0.76 0.20 3+80 

Abbreviation(s) 152 
As = kmax = peak ground acceleration kh = horizontal seismic coefficient 153 
α = height effects parameter  SD1 = Fv∙S1 = 1-second design response acceleration 154 
g = acceleration of gravity 155 

Wood used the following values in our pseudo-static seismic analysis: 156 

• kh = 0.5∙α∙As = 0.5 x 0.88 x 0.517 = 0.23 for Sta. 1+40;  157 
• kh = 0.5∙α∙As = 0.5 x 0.85 x 0.517 = 0.22 for Sta. 5+20; and 158 
• kh = 0.5∙α∙As = 0.5 x 0.76 x 0.517 = 0.20 for Sta. 3+80. 159 

5.0 Design Soil Properties 160 

5.1 Description of Units 161 
Table 6 summarizes encountered geological units and the assigned ESUs used to develop geotechnical engineering 162 
recommendations for the design of wall 9.05R-B. 163 

Table 6: ESU Units and Descriptions 164 

Geologic Unit 
Name 

Assigned 
ESU ESU Description 

Recent Fill 1A All man-made (artificial) fill deposits; includes coarse- and fine-grained granular deposits. 
Typically, medium dense.  

Recent Fill 1B All man-made (artificial) fill deposits; includes coarse-grained granular deposits. Typically 
dense.  

Glacial Till (Qvt) 4C 
Dense to very dense silty SAND and GRAVEL, and hard, SILT and silty CLAY with sand 
and gravel; commonly containing cobbles or boulders; sorted or unsorted, may grade to 

clean sand over a relatively short distance. 
Advance Outwash 

(Qva) 4A Dense to very dense SAND and GRAVEL; may contain cobbles and varying amounts of 
silt; includes fluvial and outwash deposits. 
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5.2 Soil Properties 165 
The project ESU soil properties were assigned based on the Geotechnical Soil Properties Methodology report (Wood 2020d). 166 
The methodology is consistent with Chapter 5 of the Project GDM. The soil properties for wall 9.05R-B are listed in Table 7. 167 
Calculations of these ESU soil properties are included in Appendix D. 168 

Table 7: Wall 9.05R-B Design Soil Properties  169 

ESU Soil Type 
(USCS) 

Average (N1)60 
(blows per foot) 

Moist Unit Weight  
(pcf) 

Effective Friction Angle 
(deg) 

Effective Cohesion  
(psf) 

1A SM 12 110 32 NA 

1B SM 25 120 35 NA 

4A SP-SM 81 135 42 NA 

4C SM 97 135 43 500 
Abbreviation(s) 170 
deg = degrees  pcf = pounds per cubic foot 171 
ESU = Engineering Stratigraphic Unit psf = pounds per square foot 172 
(N1)60 = SPT N-value corrected for effective overburden stress  SPT = standard penetration test 173 
NA = not applicable USCS = Unified Soil Classification System 174 

6.0 Engineering Analyses 175 
The following sections describe results of geotechnical engineering analyses for soil nail wall 9.05R-B. As required by the 176 
Project GDM, the soil nail wall was analyzed in accordance with Geotechnical Engineering Circular No. 7, Soil Nail Walls – 177 
Reference Manual (FHWA 2015). The recommendations are based on interpretation of the subsurface condition shown in the 178 
ESU profile and cross sections, elevation and/or geometry of the structures as shown in the structural plan and profile sheets in 179 
Appendix A, and Flatiron-Lane’s requested soil nail DLT based on the verification test results. The engineering analyses have 180 
been revised to align with the lower DLT of 1,700 pounds per linear foot (plf) for soil nails in the upper portion of the wall. If 181 
different subsurface conditions are encountered during the construction, the Project Geotechnical Engineer shall review the 182 
subsurface conditions and revise the recommendations as appropriate. 183 

6.1 Soil-Grout Bond Strength 184 
The soil-grout bond strength of the ESUs was originally estimated based on the upper bound values presented in Table 4.4a: 185 
Estimated Bond Strength for Soil Nails in Coarse-Grained Soils in Geotechnical Engineering Circular No 7: Soil Nail Walls 186 
Reference Manual (FHWA 2015). As a result of the soil nail verification testing, the soil-grout bond strength has been reduced. 187 
Some of the verification tests resulted in pullout prior to achieving the maximum test loads. See Appendix G for a summary of 188 
the six verification tests and the detailed testing reports. 189 

Since the soils observed during drilling of the test nails appeared to be consistent with the ESUs, proper materials (grout, bar, 190 
jack, etc.) were used, and the testing procedures were correct, the reason for the lower-than-expected pullout capacity is most 191 
likely the lower overburden pressure at the test elevations and the auger drilling method with gravity grouting. The drilling 192 
contractor plans to use this drilling method to prevent caving of the drill hole in the event of uniform sands. With this in mind, 193 
for constructability purposes, Flatiron-Lane directed us to use a DLT of 1,700 plf for the upper three rows of soil nails. This 194 
DLT represents the lowest of all six verification tests. In order to convert the DLT to ultimate soil-grout bond stress, we 195 
reduced the value for ESU 4C to 15 pounds per square inch. This is in agreement with the soil nail verification tests shown in 196 
Appendix G and is within the lower bound values presented in Table 4.4a in Geotechnical Engineering Circular No 7: Soil 197 
Nail Walls Reference Manual (FHWA 2015). Note that the values provided in Geotechnical Engineering Circular No 7: Soil 198 
Nail Walls Reference Manual (FHWA 2015) are based on empirical testing and the selection of the value should be based on 199 
actual testing when available. 200 

Epoxy-coated soil nails will be installed in pre-drilled holes that will be a minimum of 6 inches in diameter and grouted with 201 
Type 4 Grout per WSDOT Standard Specification 9-20.3 (WSDOT 2018c). The soil-grout bond strength of the ESUs is shown 202 
in Table 8. 203 
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Table 8: ESU Ultimate Bond Strength 204 

ESU Soil Type  
(USCS) 

Soil-Grout Bond Strength 
(psi) 

1A SM 15 
1B SM 18 
4A SP-SM 22 

4C SM 15 
Abbreviations 205 
ESU = Engineering Stratigraphic Unit 206 
psi = pounds per square inch 207 
USCS = Unified Soil Classification System 208 

6.2 Surcharge Pressure Considerations 209 
Lake Washington Boulevard SE is 42 feet wide and is located behind wall 9.05R-B at varying distances. The roadway traffic 210 
loading was modeled as a uniform surcharge of 250 pounds per square foot per Section 3.11.6.4 and the Extreme event live 211 
load was modeled as 0.5*LL per Section 3.4.1 of the LRFD Bridge Design Specifications (AASHTO 2017). Distances between 212 
the edge of the roadway and the soil nail wall faces at Sta. 03+80 and Sta. 05+20 are approximately 15 feet and 28 feet, 213 
respectively. The roadway traffic surcharge has little effect on the global stability of the soil nail wall section at Sta. 01+40, 214 
because the distance from the edge of the roadway to the face of the wall is as far as 280 feet, which is 15 times the height of 215 
the wall. 216 

6.3 Resistance Factors 217 
The resistance factors used for the soil nail wall external and internal stability evaluation summarized in Table 9 are based on 218 
Geotechnical Engineering Circular No 7: Soil Nail Walls Reference Manual (FHWA 2015). 219 

Table 9: Wall Design Resistance Factors 220 

Design Parameter Static Loading Seismic Loading 

Overall Stability 0.65 0.90 
Nail Pullout 0.65 0.65 

Tensile Resistance (Grades 60/75) 0.75 0.75 

6.4 Stability of Soil Nail Walls 221 
Two-dimensional, limit-equilibrium analyses based on the method of slices according to Morgenstern-Price & Spencer method 222 
for static condition and Morgenstern-Price & Bishop method for seismic condition were performed by using Snail-Plus 223 
Software Program (2019 version), developed by Deep Excavation LLC. This program employs limit-equilibrium methods in 224 
accordance with the Project GDM Chapter 7 and Section 15.4.12. This program analyzes overall stability, both internal (slip 225 
surface through some soil nails) and external (slip surface around all soil nails) stability, unlike older soil nail software 226 
described in Geotechnical Engineering Circular No. 7, Soil Nail Walls – Reference Manual (FHWA 2015). SnailPlus performs 227 
slope stability analysis and soil nail wall design. SnailPlus checks the global stability of slip surfaces (simple or reinforced with 228 
soil nails). SnailPlus can calculate and report the most critical slip surface and the slope stability safety factor with the use of 229 
various methods, such as Bishop, Morgenstern-Price, and Spencer (Deep Excavation 2021). 230 

Global stability was checked and the results are included in Appendix F; however, they are not repeated in this section as they 231 
do not control the design. Due to the high frictional strength of the soils, the critical slip surface will exit at the toe of the wall, 232 
not beyond; therefore, internal stability controls the design. The analyses also provide estimated tensile forces for each of the 233 
nails supporting the wall. Results of estimated soil nail force (maximum tensile force) and nail force at the facing are included 234 
in Appendix F. 235 
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The revised overall stability analysis (using the lower soil-grout bond stress) resulted in the need for slightly higher nail head 236 
strength in order to keep the soil nail lengths and spacing the same. The revised values have been confirmed with the structural 237 
engineer and are less than or equal to the actual design strengths. The structural engineers will design the nail head connection 238 
and wall facing, taking into account the minimum strength assumed in the stability design. 239 

The following three design conditions were considered: 240 

• Permanent Static: Static stability after construction has been completed; 241 
• Temporary Static: Static stability during construction, particularly the period of time after excavation of a new 242 

step but before installation of the soil nails for that step; and 243 
• Seismic: Seismic stability after construction has been completed, based on the Safety Evaluation Earthquake. 244 

Revised results of the overall stability analyses for the project wall heights are summarized in Table 10, and details can be 245 
found in Appendix F. The minimum required factors of safety are based on Project GDM Sections 15.5.7 and 7.4.5. Results of 246 
the overall stability analyses for the forward compatible wall heights are summarized in Table 11. 247 

Table 10: Design Factors of Safety – Project Wall 248 

Condition Minimum 
Required FS 

Analysis 
Method 

Project Wall Height Design Section1 

9.05R-B Sta. 01+40 9.05R-B Sta. 03+80 9.05R-B Sta. 05+20 

Permanent 
Static 1.5 

M-P 2.1 1.9 1.8 
Spencer 2.2 2.0 1.8 

Temporary 
Static 1.2 

M-P 1.3 1.6 1.5 
Spencer 1.4 1.7 1.5 

Seismic 1.1 
M-P 1.3 1.6 1.4 

Bishop 1.2 1.7 1.4 
Notes: 249 
1. Calculations are included in Appendix F. 250 
Abbreviations: 251 
FS = factor of safety 252 
M-P = Morgenstern-Price 253 
Sta. = station 254 

Table 11: Design Factors of Safety – Future Wall 255 

Condition Minimum 
Required FS 

Analysis 
Method 

Future Wall Height Design Section1 

9.05R-B Sta. 01+40 9.05R-B Sta. 03+80 9.05R-B Sta. 05+20 

Permanent 
Static 1.5 

M-P 1.7 1.6 1.5 
Spencer 1.7 1.9 1.6 

Temporary 
Static 1.2 

M-P 1.4 1.6 1.3 
Spencer 1.3 1.6 1.4 

Seismic 1.1 
M-P 1.3 1.4 1.3 

Bishop 1.4 1.5 1.4 
Notes: 256 
1. Calculations are included in Appendix F. 257 
Abbreviations: 258 
FS = factor of safety 259 
M-P = Morgenstern-Price 260 
Sta. = station 261 
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Soil Nail Wall Displacements: Soil nail reinforcement is mobilized through lateral wall deflections as the cut wall construction 262 
proceeds downward in stages. Typical wall deflections during construction are estimated to be 0.2 percent of the excavation 263 
depth as stated in Section 5.9.2 of Geotechnical Engineering Circular No 7: Soil Nail Walls Reference Manual (FHWA 2015). 264 
It is estimated that vertical and horizontal deflections of the wall may approach 1 inch during or shortly after construction for 265 
the highest wall segment, with the greatest deflections occurring near the top of the wall. Due to the very dense glacially over-266 
consolidated soils (ESUs 4A and 4C), lateral and vertical soil nail wall displacement and settlement could be less than what is 267 
typically estimated. 268 

7.0 Soil Nail Wall Design 269 
Soil nail wall design followed the requirements in Sections 15-5.2.3 and 15-5.7 of the Project GDM and Geotechnical 270 
Engineering Circular No 7: Soil Nail Walls Reference Manual (FHWA 2015). The design of the soil nail wall, soil nail 271 
lengths, spacing, size, etc., followed the Geotechnical Engineering Circular No. 7, Soil Nail Walls – Reference Manual 272 
(FHWA 2015) and verified that the calculated factor of safety for the critical slip surface was greater than the minimum 273 
required factor of safety. 274 

7.1 Design Wall Sections 275 
Wall 9.05R-B was evaluated at three different sections of the wall, based on the variation of the wall height, soil conditions, 276 
and geometry. The soil conditions varied at Sta. 01+40 (cross section A–A’) with lower strength properties in the upper 10 feet. 277 
The wall height was the greatest at Sta. 03+80 (cross section B–B’). The geometry of the backslope and foreslope varied at 278 
Sta. 05+20 (cross section C–C’), so an additional section at Sta. 05+40 was required to confirm the design of the soil nail wall. 279 
The design criteria are highlighted for each critical cross section in Table 12. 280 

Table 12: Design Sections 281 

Cross Section Wall Station Start Station End Station Selection Criteria 

A–A’ 01+40 1+00 2+00 Different soils 
B–B’ 03+80 2+00 5+20 Maximum wall height 
C–C’ 05+20 5+20 6+06 Backslope  

Recommendations for design and layout that apply to the entire wall are discussed in Section 7.5. Figure 1 displays a 282 
typical/general soil nail wall cross-section. Soil nail wall design calculations are presented in Appendix F. 283 
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Verify adhesion with verification tests and proof tests, as specified. 

Figure 1: Soil Nail Design Criteria 

7.2 Cross-Section A–A’ Sta. 01+40 284 
Interpreted subsurface conditions at this location along the wall are displayed on ESU cross section A–A at Sta. 1+40 in 285 
Appendix A. The ESU soil properties and the soil-grout bond stress are presented in Table 13. Groundwater was not 286 
encountered in the explorations. 287 

  288 
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Table 13: Cross Section A–A’ Sta. 01+40 ESUs 289 

Elevation (feet) 
ESU Soil Type  

(USCS) 
Ymoist 

(pcf) 
Phi 

(deg) 
Cohesion1 

(psf) 
Ultimate Soil-Grout Bond  

(psi) From To 

152 148 1A SM 110 32 NA 15 
148 145 1B SM 120 35 NA 18 
145 145 4C SM 135 43 5001 152 
145 90 4A SP-SM 135 42 NA 22 

Notes: 290 
1. Cohesion not used for the stability modeling of the soil nail wall. 291 
2. Revised based on verification testing and test pit observations.  292 
3. Groundwater elevation: not encountered. 293 
Abbreviations: 294 
deg = degree pcf = pounds per cubic foot psi = pounds per square inch 295 
ESU = Engineering Stratigraphic Unit  Phi = effective friction angle USCS = Unified Soil Classification System 296 
NA = not applicable psf = pounds per square foot Ymoist = moist unit weight 297 
Wall Design Summary: 298 

• Analyses were performed using a 19-foot-high wall with a 3H:1V backslope and a soil nail length of 15 feet. 299 
• Top of wall is assumed at elevation 152 feet and bottom of wall is assumed at elevation 133 feet considering 300 

future expansion. Elevations referenced in this report are based on the North American Vertical Datum of 1988. 301 
• The upper (first and second) soil nail rows will be installed during this construction. The lower (third and fourth) 302 

soil nail rows will be installed during forward compatibility construction in the future. 303 
• Table 14 provides detailed design information. 304 

Table 14: Cross Section A–A’ Sta. 01+40 Design Information 305 

Soil Nail 
Location 

Total Length 
(feet) 

Spacing 
(V x H in feet) 

Bar Size 
(#) 

DLT 
(lbs/ft) 

Nail Head Force1 

Static (kips) Seismic (kips) 

1st row from top 15 5 x 6 8 1,700 16 22 
Lower rows 15 5 x 6 8 2,500 18 36 

Note: 306 
1. Estimated maximum nail tensile force at the wall face (To). 307 
Abbreviations: 308 
DLT = design load transfer using a resistance factor of 0.5 lbs/ft = pounds per foot 309 
H = horizontal V = vertical 310 

7.3 Cross-Section B–B’ Sta. 03+80 311 
The critical section at Sta. 03+80 represents the design section for the soil nail wall from northbound Sta. 7779+59 to 312 
Sta. 7782+54. Interpreted subsurface conditions are displayed on ESU cross section B–B’ at Sta. 3+80 in Appendix A. The 313 
ESU soil properties and soil-grout bond stress are presented in Table 15. Groundwater was not encountered in the explorations.  314 
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Table 15: Cross Section B–B’ Sta. 03+80 ESUs 315 

Elevation (feet) 
ESU Soil Type 

(USCS) 
Ymoist 

(pcf) 
Phi 

(deg) 
Cohesion1 

(psf) 
Ultimate Soil-Grout Bond  

(psi) From To 

178 171 4C SM 135 43 5001 152 
171 93 4A SP-SM 135 42 NA 22 

Notes: 316 
1. Cohesion not used for the stability modeling of the soil nail wall. 317 
2. Revised based on verification testing.  318 
3. Groundwater elevation: not encountered. 319 
Abbreviations: 320 
deg = degree pcf = pounds per cubic foot psi = pounds per square inch 321 
ESU = Engineering Stratigraphic Unit  Phi = effective friction angle USCS = Unified Soil Classification System 322 
NA = not applicable psf = pounds per square foot Ymoist = moist unit weight 323 
Wall Design Summary: 324 

• Analyses were performed using a 39-foot-high wall with a live load of 250 pounds per square foot and a soil nail 325 
length of 25 feet. 326 

• Top of wall is assumed at elevation 177 feet and bottom of wall is assumed at elevation 138 feet considering 327 
future expansion. 328 

• The upper (first to seventh) soil nail rows will be installed during this construction. The bottom (eighth) soil nail 329 
rows will be installed during forward compatibility construction in the future. 330 

• Table 16 provides detailed design information. 331 

Table 16: Cross Section B–B’ Sta. 03+80 Design Information 332 

Soil Nail Location 
Total 

Length 
(feet) 

Spacing 
(V x H in feet) 

Bar Size 
(#) 

DLT 
(lbs/ft) 

Nail Head Force1 

Static (kips) Seismic (kips) 

First Three Rows From Top 25 5 x 5 10 1,7002 29 32 
Lower Rows 25 5 x 5 10 2,500 33 31 

Note: 333 
1. Estimated maximum nail tensile force at the wall face (To). 334 
2. Revised based on verification testing. 335 
Abbreviations: 336 
DLT = design load transfer using a resistance factor of 0.5 lbs/ft = pounds per foot 337 
H = horizontal V = vertical 338 

7.4 Cross-Section C–C’ Sta. 05+20 339 
The critical section at Sta. 05+20 represents the design section for the soil nail wall from northbound Sta. 7782+54 to 340 
Sta. 7784+04. Interpreted subsurface conditions are displayed on ESU cross section C–C’ at Sta. 5+20 in Appendix A. The 341 
ESU soil properties and soil-grout bond stress are presented in Table 17. Groundwater was not encountered in the explorations.  342 
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Table 17: Cross Section C–C’ Sta. 05+20 ESUs 343 

Elevation (feet) 
ESU Soil Type 

(USCS) 
Ymoist 

(pcf) 
Phi 

(deg) 
Cohesion 

(psf) 
Ultimate Soil-Grout Bond 

(psi) From To 

172 93 4A SP-SM 135 42 NA 22 
Notes: 344 
1. Groundwater elevation: not encountered. 345 
Abbreviations: 346 
deg = degree pcf = pounds per cubic foot psi = pounds per square inch 347 
ESU = Engineering Stratigraphic Unit  Phi = effective friction angle USCS = Unified Soil Classification System 348 
NA = not applicable psf = pounds per square foot Ymoist = moist unit weight 349 
Wall Design Summary: 350 

• Analyses were performed using a 25-foot-high wall with a 2H:1V backslope (10 feet in vertical), a live load of 351 
250 pounds per square foot, and a soil nail length of 20 feet. Since various backslopes exist in the area, an 352 
additional cross section at Sta. 5+40 was checked to verify the soil nail length of 20 feet. Analyses confirmed that 353 
Sta 5+20 was the critical design section. 354 

• Top of wall is assumed at elevation 163 feet and bottom of wall is assumed at elevation 143 feet considering 355 
future expansion. 356 

• The upper (first to fourth) soil nail rows will be installed during this construction. The fifth soil nail row will be 357 
installed during forward compatibility construction in the future. 358 

• Table 18 provides detailed design information. 359 

Table 18: Cross Section C–C’ Sta. 05+20 Design Information 360 

Soil Nail Location Total Length 
(feet) 

Spacing 
(V x H in feet) 

Bar Size 
(#) 

DLT 
(lbs/ft) 

Nail Head Force1 

Static (kips) Seismic (kips) 

First Row From Top 20 5 x 6 8 1,7002 24 25 
Lower Rows  

(Initial Construction) 20 5 x 6 8 2,500 27 27 

Bottom Row  
(Forward Compatibility)  15 5 x 6 8 2,500 16 14 

Note: 361 
1. Estimated maximum nail tensile force at the wall face (To). 362 
2. Revised based on verification testing. 363 
Abbreviations: 364 
DLT = design load transfer using a resistance factor of 0.5 lbs/ft = pounds per foot 365 
H = horizontal V = vertical 366 

7.5 Soil Nail Wall General Recommendations 367 
Recommendations for design of the soil nail walls that apply to all sections are described in this section. 368 

Wall Batter: The design of the wall has assumed the facing will be vertical. A small batter to the wall face would increase 369 
stability. 370 

Soil Nail Locations: The nails can be laid out using a squared pattern for construction simplicity, or a staggered pattern to 371 
reduce the total number of nails. The recommended spacing could be modified slightly to avoid utilities and other obstructions, 372 
as necessary. Where spacing is to be modified, the nail spacing must still meet minimum and maximum spacing requirements 373 
specified in Project GDM Section 15-5.7. The specific spacing for each design section is provided in Tables 14, 16, and 18. 374 
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Upper and Lower Nail Locations: When laying out the soil nails on the wall profile, ideally, the highest row of soil nails 375 
should be located no less than 2 and no more than 3 feet below the top of the temporary cut slope, to provide adequate soil 376 
cover and to avoid excessive facing cantilever distances. The lowest nail should be at least 2 feet above the lowest excavation 377 
level to allow adequate spacing for the drilling rig; and not more than 3 feet above the bottom of temporary excavations. 378 

Nail Declinations: Soil nails should be installed at a 15-degree angle below horizontal. However, per WSDOT Standard 379 
Specifications (WSDOT 2018c), a tolerance of 3 degrees is allowable to avoid obstructions or structures. 380 

Nail Hole Diameters: A minimum diameter of 6 inches shall be specified to maintain grout cover over the soil nail tendons. 381 
Regardless of the nail diameter or installation method selected by the contractor, all soil nails need to provide the minimum 382 
DLT stated in Tables 14, 16, and 18, and shall be verified by verification testing and proof testing. 383 

Nail Tendon Types and Sizes: The design is based on all nail tendons consisting of minimum Grade 75 deformed steel 384 
reinforcing rods, threaded at the proximal end (closest to the face). The specific bar sizes have been provided in Tables 14, 16, 385 
and 18. 386 

Corrosion Protection: The retained soil at the wall location was sampled for corrosion testing. Sample S-9 at 35 feet deep in 387 
boring W-65-20 was tested for pH and resistivity per method SW-846 9045D and ASTM G-187, respectively. The test results 388 
showed a pH of 7.0 and resistivity of 11,000 ohms-cm and are included in Appendix C. Per Section 15-5.7 of the Project 389 
GDM, the soil is not classified with strong corrosion potential; therefore, the permanent soils nails may be epoxy coated. 390 

Nail Tendon Centralizer: Centralizers shall be installed along the tendons at a maximum spacing of 7 feet, including one 391 
centralizer within 3 feet of the distal (furthest from the face) end of the tendon. The centralizers shall be stiff and large enough 392 
to provide at least 1 inch of grout cover over the tendon. Openings between the centralizer support arms shall allow 393 
unobstructed tremie pipe insertion and grout flow. 394 

Completed Verification Testing: Verification tests have already been completed for the upper rows of nails (upper row for 395 
cross sections A–A’ and C–C’, and upper three rows for cross section B–B’). The results of these test were incorporated into 396 
the engineering analyses and recommendations in this report. 397 

Verification Testing: Prior to installing any production nails in the lower rows of soil nails, sacrificial nails shall be installed 398 
and tested to verify the higher DLT of 2,500 plf. The lower rows will only be one soil type (ESU 4A), so the number of 399 
verification tests will depend on the other considerations listed in the WSDOT Standard Specifications (WSDOT 2018c). We 400 
recommend a minimum of two verification tests near the elevation of the fourth row of soil nails distributed between Sta. 2+00 401 
and Sta. 5+20 (cross section B–B’). 402 

Proof Testing: During construction of the walls, sacrificial soil nails shall be tested to prove the required pullout resistance 403 
(DLT). At least one soil nail in each row shall be tested and at least 5 percent of all nails shall be tested. Test nails will need to 404 
be selected prior to installation so that the grouting is stopped short to create an unbonded zone for testing purposes. The 405 
WSDOT Standard Specifications (WSDOT 2018c) outline the testing procedure for soil nails. 406 

Facing Design Parameters: Wood has coordinated the facing design with the wall structural engineers. Although the structural 407 
engineers will be designing the facing, several design parameters are needed as inputs to the Soil Nail Plus software, which are 408 
then used to check the nail loads, especially the nail head load at the face. After confirming the facing parameters and 409 
analyzing the walls with Soil Nail Plus, Wood included the maximum nail head load in the calculation package in Appendix F. 410 

Wall Drainage: Drainage during and after construction will be important to prevent hydrostatic pressure. Perched groundwater 411 
might be encountered from the cut slope through the soil. To reduce hydrostatic pressures on the wall facing, prefabricated 412 
drainage strips shall be placed between the cut slope and shotcrete facing. At least one vertical strip with a minimum width of 413 
12 inches will be placed between each column of soil nails. Drainage material shall be connected to weep holes using a drain 414 
grate or shall be wrapped around an underdrain. 415 

Wall Deflections: Soil nail reinforcement is mobilized through lateral wall deflections as the cut wall construction proceeds 416 
downward in stages. Typical wall deflections during construction are estimated to be 0.2 percent of the excavation depth as 417 
stated in Section 5.9.2 of Geotechnical Engineering Circular No 7: Soil Nail Walls Reference Manual (FHWA 2015). It is 418 
estimated that vertical and horizontal deflections of the wall may approach 1 inch during or shortly after construction for the 419 
highest wall segment, with the greatest deflections occurring near the top of the wall. 420 
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8.0 Construction and Maintenance Considerations 421 

8.1 Construction 422 
Test Pit Exploration: Test pits have been excavated to evaluate the unsupported wall facing stand-up time in accordance with 423 
Section 15-3.4.2.1 of the Project GDM. The soils observed in the test pits were consistent with the design ESUs and the 424 
sidewalls demonstrated adequate standup time. See Appendix E for detailed observations of the test pits. 425 

Drilling Conditions: The soils include fill, glacial till, and advance outwash; these soils are expected to have a wide variety of 426 
grain size, including the possibility of gravel and boulders. Gravel, cobbles, and boulders are known to exist in the ESU 4A and 427 
4C materials and while cobbles were only encountered in one boring (W-65-20) near the north end of the wall, there is a 428 
possibility that they could be present in other areas as well. Soil nail drilling may encounter caving ground conditions, in which 429 
case the soil nails may need to be inserted into a temporary cased hole. Glacial till and boulders could present difficult, slow 430 
drilling conditions. Although no groundwater was encountered in the explorations, perched groundwater could accumulate on 431 
top of the glacial till during the wet season. 432 

Verification and Proof Testing of the Soil Nails: For simplicity during construction, the soil-grout bond stress stated in the 433 
report will be converted to a DLT on the construction plan sheets, consistent with WSDOT standard plans and specifications. 434 
The DLT will represent the allowable (resistance factor applied) force per foot of nail (in pounds per foot). The testing 435 
procedure in the WSDOT Standard Specifications (WSDOT 2018c) lists testing steps in proportion to the DLT. Follow the 436 
WSDOT Standard Specifications for verification and proof testing of soil nails. Some verification nails have been completed 437 
already and the resulting DLT has been applied to the design of the upper soil nail rows. Additional verification soil nails will 438 
be needed for the lower rows of soil nails where a higher DLT has been assumed. We recommend two verification tests near 439 
the elevation of the fourth row of soil nails distributed between Sta. 2+00 and Sta. 5+20 (cross section B–B’). 440 

Forward Compatibility: Forward compatibility allows for road expansion on I-405 in the future. The lower soil nails (third and 441 
fourth row from the top) at cross section A–A’, bottom soil nail row (eight rows from the top) at cross section B–B’, and 442 
bottom soil nail row (fifth row from the top) at cross section C–C’ will be installed during future construction. They will not be 443 
installed during this construction project. 444 

8.2 Maintenance 445 
The retaining wall structure will require typical maintenance throughout its lifetime. The walls will have drainage through the 446 
wall to prevent hydrostatic pressure build-up behind the wall. These drainage systems need to be maintained. 447 
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Appendix B –Field exploration procedures and logs 
The following paragraphs describe the procedures used for field explorations and field tests that Wood conducted for this 
project. Descriptive logs of our explorations are enclosed in this appendix. 

Auger boring procedures 
Exploratory borings were advanced with a hollow-stem auger using a track-mounted drill rig operated by an independent 
drilling firm working under subcontract to Wood. An engineering geologist from Wood continuously observed the borings, 
logged the subsurface conditions, and collected representative soil samples. All samples were stored in watertight containers 
and later transported to the laboratory for further visual examination and testing. After each boring was completed, the 
borehole was backfilled with a mixture of bentonite chips and soil cuttings, and the surface was patched with asphalt or 
concrete (where appropriate). 

Throughout the drilling operation, soil samples were obtained at 2.5- or 5-foot depth intervals by means of the Standard 
Penetration Test (SPT) per ASTM D-1586. This testing and sampling procedure consists of driving a standard 2-inch-diameter 
steel split-spoon sampler 18 inches into the soil with a 140-pound hammer free-falling 30 inches. The number of blows 
required to drive the sampler through each 6-inch interval was counted, and the total number of blows struck during the final 
12 inches was recorded as the Standard Penetration Resistance, or “SPT blow count.” If a total of 50 blows were struck within 
any 6-inch interval, the driving was stopped and the blow count was recorded as 50 blows for the actual penetration distance. 
The resulting Standard Penetration Resistance values indicate the relative density of granular soils and the relative consistency 
of cohesive soils.  

The enclosed boring logs describe the vertical sequence of soils and materials encountered in each boring, based primarily on 
field classifications and supported by subsequent laboratory examination and testing. Where a soil contact was observed to be 
gradational, boring logs indicate the average contact depth. Where a soil type changed between sample intervals, we inferred 
the contact depth. The boring logs also graphically indicate the blow count, sample type, sample number, and approximate 
depth of each soil sample obtained from the borings, as well as any laboratory tests performed on these soil samples. If any 
groundwater was encountered in a borehole, the approximate groundwater depth is depicted on the boring log. Groundwater 
depth estimates are typically based on the moisture content of soil samples, the wetted height on the drilling rods, and the water 
level measured in the borehole after the auger has been extracted. 

Well Installation Procedures 
A groundwater observation well consisting of a 2-inch diameter polyvinyl chloride pipe with the lower 10 feet of the pipe 
finely slotted was installed. The annular space around the slotted segment was backfilled with clean sand, and the upper portion 
of the annulus was sealed with bentonite chips and concrete. A flush-mounted monument was placed over the top of the 
wellhead for protection. The as-built configuration of the observation well is illustrated on the boring log. 



Ground 
Elevation

Termination 
Depth

Northing Easting (NAVD 88) (feet bgs)
W-64mw-20 5/19/2020 205277.597 1305164.897 151.2 61.5

W-65-20 4/16/2020 205623.3864 1305403.804 175.1 51.5
W-117-20 5/12/2020 205411.398 1305125.712 130.1 41.5
W-118-20 5/13/2020 205608.067 1305227.686 128.5 40.8
R2B-65-17 3/17/2017 205404.475 1305288.216 173.44 79.5
R2B-66-17 3/15/2017 205560.787 1305420.642 171.63 79.5

TABLE B-1: LIST OF BORINGS

State Plane Coordinates 
(WA SPC North NAD 83; Survey Feet)Location ID Date Completed

Geotechnical Engineering Report: Segment 2A Wall 9.05R-B
File Name: List of Borings 1 of 1



MC = 13%

MC = 11%
Fines = 29%

MC = 7%
Fines = 11%

11

33

61

39

78

SPT-1
1
1
6

SPT-2
3
6
7

SPT-3
8
9
14

SPT-4
7
11
8

SPT-5
6
17
23

Poorly graded SAND with silt and gravel, loose, reddish brown,
moist, [Fill] (SP-SM)

Silty SAND, loose, yellowish brown, moist, [Fill] (SM)

Becomes medium dense at 5 feet

Silty SAND with gravel, medium dense, light olive brown, moist,
with scattered reddish brown mottling and scattered rootlets,
[Qvt] (SM)

Well graded SAND with silt, medium dense, yellowish brown,
moist, [Qva] (SW-SM)

Becomes dense at 15 feet

LOGGED BY Carlos Mendoza

DRILLING CONTRACTOR Gregory Drilling

CHECKED BY H Brenniman

DATE STARTED 5/18/20 COMPLETED 5/19/20 HOLE SIZE 8 inches

STATION (FT) 5783+65.34 OFFSET (FT) 170.0 R

EASTING 1305164.897

DRILL RIG CME 55 ID: #310 SPT HAMMER EFFICIENCY 88%

NORTHING 205277.597

GROUND ELEVATION 151.2 ft NAVD88

Well Tag # BLE-769DRILLING METHOD HSA

NOTES Soil Nail Wall 09.05R GW LEVEL (ATD) Dry GW LEVEL (6/4/2020) Dry
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MC = 10%

MC = 6%
Fines = 7%
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Silty SAND, dense, yellowish brown, moist, [Qva] (SM)

Becomes very dense at 25 feet

Poorly graded SAND, very dense, yellowish brown, moist, [Qva]
(SP-SM)
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MC = 5%
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30
37

Poorly graded SAND, very dense, yellowish brown, moist, [Qva]
(SP-SM) (continued)

Silty SAND, very dense, yellowish brown, moist, [Qva] (SM)

Bottom of borehole at 61.5 feet.
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SPT-2
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6
9

SPT-3
4
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SPT-4
5
3
5

SPT-5
7
4
3

39

50
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28

Mulch (straw) over
Silty SAND with gravel, medium dense, grayish brown, dry to moist, with
organics and oxidized mottles, [FILL] (SM)

Becomes loose at 10 feet

Clayey SAND with gravel, loose, grayish brown, moist, [FILL] (SC)

MC = 7%
Fines = 18%

Organic content =
2.4%

MC = 11%
LL = NP
PL = NP

MC = 11%
Fines = 31%

MC = 12%

MC = 16%
LL = 33
PL = 19

Fines = 29%

LOGGED BY Carlos Mendoza

DRILLING METHOD HSA

DRILLING CONTRACTOR Gregory Drilling

CHECKED BY H. Brenniman

DATE STARTED 4/15/20 COMPLETED 4/16/20 HOLE SIZE 8 inches

STATION (FT) 5787+76.45 OFFSET (FT) 205.2 R

EASTING 1305403.804

DRILL RIG CME 55 ID: #310 SPT HAMMER EFFICIENCY 88%

GW LEVEL (ATD) DryNOTES Soil Nail Wall 09.05 R & Soldier Pile Wall 09.15 GR-0

NORTHING 205623.3864

GROUND ELEVATION 175.1 ft NAVD88
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Silty SAND with silt, gravel and cobbles, very dense, olive brown, moist,
[Qva] (SM)

MC = 3%
Fines = 11%

MC = 5%
Fines = 13%

Resistivity: 11,000
ohms cm, pH: 7.0
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Silty SAND with gravel and cobbles, very dense, moist, [Qva] (SM)

Poorly graded SAND with silt, very dense, yellowish brown, moist, [Qva]
(SP-SM)

Bottom of borehole at 51.5 feet.
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SPT-1
10
12
15

SPT-2
11
17
20

SPT-3
13
31
44

SPT-4
26
35
41

SPT-5
15
16
29

83

89

94

67

78

Asphalt (3 inches) over
Well graded SAND with silt and gravel, dense, yellowish brown, moist,
with clasts of gray CLAY (CL), [Fill] (SW-SM)

Well graded SAND with silt, dense, yellowish brown, moist, with clasts of
gray CLAY (CL), [Fill] (SW-SM)

Poorly graded SAND with silt, dense, yellowish brown, moist, [Qva]
(SP-SM)

Silty SAND with gravel, very dense, yellowish brown, dry to moist, [Qva]
(SM)

Poorly graded SAND with silt, dense, yellowish brown, moist, [Qva]
(SP-SM)

MC = 5%
Fines = 10%

MC = 3%

LOGGED BY Patricia Reed

DRILLING METHOD HSA

DRILLING CONTRACTOR Holt Services

CHECKED BY H Brenniman

DATE STARTED 5/11/20 COMPLETED 5/12/20 HOLE SIZE 8 inches

STATION (FT) 5784+59.16 OFFSET (FT) 67.9 R

EASTING 1305125.712

DRILL RIG CME 85 ID: #7 SPT HAMMER EFFICIENCY 88%

GW LEVEL (ATD) DryNOTES Wall 09.15 MC-O

NORTHING 205411.398

GROUND ELEVATION 130.1 ft NAVD88

(Continued Next Page)
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PROJECT LOCATION Renton, WA

BORING NUMBER W-117-20PROJECT NUMBER 20316PROJECT NAME I-405 Renton to Bellevue Widening
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SPT-6
15
21
26
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16
20
32

SPT-8
22
29
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SPT-9
28
29
35

SPT-10
26
22
25
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100
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Poorly graded SAND with silt, dense, yellowish brown, moist, [Qva]
(SP-SM) (continued)

Becomes very dense at 25 feet

Silty SAND, dense, yellowish brown, moist, [Qva] (SM)

Bottom of borehole at 41.5 feet.

MC = 6%
Fines = 8%

MC = 4%
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BORING NUMBER W-117-20PROJECT NUMBER 20316PROJECT NAME I-405 Renton to Bellevue Widening
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SPT-1
6
12
15

SPT-2
6
18
10

SPT-3
13
23
22

SPT-4
4
15
32

SPT-5
33
46
45

89

89

83

78

78

Sod, soft, black brown, moist, [Fill]

Poorly graded SAND with gravel, dense, reddish brown, moist, [Fill]
(SP-SM)

Poorly graded SAND with gravel, dense, yellowish brown, moist, [Qva]
(SP)

Poorly graded GRAVEL with silt and sand, very dense, yellowish brown,
moist, [Qva] (GP-GM)

MC = 7%
Fines = 6%

MC = 7%
Fines = 5%

Rough drilling at 17
feet

LOGGED BY Patricia Reed

DRILLING METHOD HSA

DRILLING CONTRACTOR Holt Services

CHECKED BY H. Brenniman

DATE STARTED 5/12/20 COMPLETED 5/13/20 HOLE SIZE 8 inches

STATION (FT) 5786+79.10 OFFSET (FT) 58.5 R

EASTING 1305227.686

DRILL RIG CME 85 ID: #7 SPT HAMMER EFFICIENCY 88%

GW LEVEL (ATD) DryNOTES Wall 09.15 MC-O

NORTHING 205608.067

GROUND ELEVATION 128.5 ft NAVD88

(Continued Next Page)
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SPT-7
50

SPT-8
44
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29
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0

33
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Poorly graded GRAVEL with silt and sand, very dense, yellowish brown,
moist, [Qva] (GP-GM) (continued)

Silty SAND with gravel, very dense, yellowish brown, moist, [Qva] (SM)

Bottom of borehole at 40.8 feet.

Blow counts
overstated, gravel in
tip of driving shoe at

20.5 feet

Rough drilling at 23
feet

MC = 4%

Blew hydraulic hose;
shut down for

mechanical repair at
31 feet

Resumed drilling
5/13/2020

MC = 4%
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PROJECT LOCATION Renton, WA

BORING NUMBER W-118-20PROJECT NUMBER 20316PROJECT NAME I-405 Renton to Bellevue Widening
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D-1

D-2

D-3

D-4

D-5

D-6

19
28
40

(68)

44
50/3''
(REF)

50/6''
(REF)

20
50/6''
(REF)

24
50/6''
(REF)

50/6''
(REF)

MC
GS
AL

Silty SAND with gravel, sub-rounded, very dense, grayish
brown, moist, stratified.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Silty SAND, very dense, grayish brown, moist,
homogeneous.  HCl not tested.
Recovered: 0.8 ft  Retained: 0.8 ft

Silty SAND with gravel, sub-rounded, very dense, grayish
brown, moist, homogeneous.  HCl not tested.
Recovered: 0.6 ft  Retained: 0.6 ft

SM, MC=9%, PI=2
Silty SAND with gravel, sub-rounded, very dense, grayish
brown, moist, stratified.  HCl not tested.
Recovered: 0.9 ft  Retained: 0.9 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.6 ft  Retained: 0.6 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, gray, moist, homogeneous.  HCl not tested.

Start

Offset

Easting

Well ID#

Northing Collected by

LongLat

Component Cut Wall 09.05R

March 16, 2017 March 17, 2017 N/A

Region Survey Crew

NAD 83/91 HARN, NAVD88, SPN (ft)

NB405 7780+92.392 92.1 feet right 4Station

Completion

Hole Dia
(inches)

205404.475 1305288.216

Datum

Inspector

Equipment

Method Casing Advancer

Drill Fluid Bentonite

Harvey, Thomas #2599

Historical
SPT Efficiency

CME 45C   (9A4-7)

47.5550028 -122.1905913

88.4%
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I-405 Renton to Bellevue - ETL - Envir & Traff

Elevation
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155.0

XL-4653 173.4 ft

LOG OF TEST BORING
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HOLE No.
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Lic#

SE-61019 / AE-41349
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D-7

D-8

D-9

D-10

D-11

50/3''
(REF)

50/4''
(REF)

37
50/6''
(REF)

30
43

50/3''
(REF)

32
43

MC
GS

Recovered: 0.4 ft  Retained: 0.4 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, gray, moist, homogeneous.  HCl not tested.
Recovered: 0.3 ft  Retained: 0.3 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, gray, moist, homogeneous.  HCl not tested.
Recovered: 0.4 ft  Retained: 0.4 ft

Poorly graded SAND with silt, very dense, grayish brown,
moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

MC=13%
Poorly graded SAND with silt, very dense, gray, moist, 
homogeneous.  HCl not tested.
Recovered: 1.3 ft  Retained: 1.3 ft

Poorly graded SAND with silt, very dense, gray, moist,
homogeneous.  HCl not tested.
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D-12

D-13

D-14

D-15

D-16

44
(87)

36
50/6''
(REF)

50/6''
(REF)

46
50/6''
(REF)

45
50/6''
(REF)

50/4''
(REF)

MC
GS

Recovered: 1.0 ft  Retained: 1.0 ft

Poorly graded SAND with silt, very dense, gray, moist,
homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Poorly graded SAND with silt, very dense, gray, moist,
homogeneous.  HCl not tested.
Recovered: 0.6 ft  Retained: 0.6 ft

Poorly graded SAND, very dense, gray, moist,
homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

MC=15%
Well graded SAND with silt, very dense, grayish brown, 
moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Drilling behavior indicated gravel at 67.5 ft.

Poorly graded SAND with gravel, sub-angular, very
dense, grayish brown, moist, homogeneous.  HCl not
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D-17

D-18

50/5''
(REF)

50/6''
(REF)

tested.
Recovered: 0.4 ft  Retained: 0.4 ft

Poorly graded SAND, very dense, grayish brown, moist,
homogeneous.  HCl not tested.
Recovered: 0.3 ft  Retained: 0.3 ft

Poorly graded SAND with gravel, sub-angular, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.6 ft  Retained: 0.6 ft

The implied accuracy of the borehole location
information displayed on this boring log is typically
sub-meter in (X,Y) when collected by the HQ Geotech
Office and sub-centimeter in (X,Y,Z) when collected by
the Region Survey Crew.

End of test hole boring at 79.5 ft below ground elevation.
This is a summary Log of Test Boring.
Soil/Rock descriptions are derived from visual field
identifications and laboratory test data.
Note: REF = SPT Refusal

Bail/Recharge test:
Hole Diameter: 4 inches
Depth of boring during bail test: 79.5 ft.
Depth of casing during bail test: 79 ft.
Water depth before bailing: 10 ft.
Bailed bore hole water level to 37.1 ft.
Recharge after 5 minutes: 36.9 ft.
Recharge after 10 minutes: 36.9 ft.
Recharge after 15 minutes: 37 ft.
Recharge after 20 minutes: 37.1 ft.
Recharge after 30 minutes: 37.2 ft.
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D-1

D-2

D-3

D-4

D-5

D-6

15
20
22

(42)

24
20
40

(60)

20
36
48

(84)

50/6''
(REF)

43
50/3''
(REF)

50/6''
(REF)

MC
GS

MC=12%
Poorly graded SAND with silt, dense, brown, moist, 
homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Well graded SAND with gravel, sub-rounded, very dense,
brown, moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Well graded SAND with gravel, sub-rounded, very dense,
grayish brown, moist, homogeneous.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.6 ft  Retained: 0.6 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.6 ft  Retained: 0.6 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not

Start

Offset

Easting

Well ID#

Northing Collected by

LongLat

Component Cut Wall 09.05R

March 14, 2017 March 15, 2017 N/A

Region Survey Crew

NAD 83/91 HARN, NAVD88, SPN (ft)

NB405 7782+95.961 116.0 feet right 4Station

Completion

Hole Dia
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205560.787 1305420.642

Datum
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Equipment

Method Casing Advancer

Drill Fluid Bentonite

Harvey, Thomas #2599
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CME 45C   (9A4-7)

47.5554377 -122.1900662

88.4%
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tested.
Recovered: 0.3 ft  Retained: 0.3 ft

GW, MC=8%
Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.8 ft  Retained: 0.8 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, moist, homogeneous.  HCl not
tested.
Recovered: 0.7 ft  Retained: 0.7 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, wet, homogeneous.  HCl not
tested.
Recovered: 0.5 ft  Retained: 0.5 ft

Well graded GRAVEL with sand, sub-rounded, very
dense, grayish brown, wet, homogeneous.  HCl not
tested.
Recovered: 0.4 ft  Retained: 0.4 ft

MC=17%
Poorly graded SAND with silt, very dense, brown, moist,

D
ep

th
 (

ft)

S
am

pl
e 

T
yp

e

S
am

pl
e 

N
o.

(T
ub

e 
N

o.
)

La
b

T
es

ts

Description of Material

G
ro

un
dw

at
er

In
st

ru
m

en
t

E
le

va
tio

n 
(f

t)

P
ro

fil
e

20 40 60 80

RQD

Blows/6"

RQD
FF

and/or
(N)

SPT Efficiency
Field SPT (N)
Moisture Content

150

145

140

135

130

405

I-405 Renton to Bellevue - ETL - Envir & Traff

171.6 ft

LOG OF TEST BORING

of 4

HOLE No.

Sheet

Driller

2

R2B-66-17

Henderson, Ted

25

30

35

40

45

SRJob No.

Project

XL-4653 Elevation

WSDOT
E

N
T

E
R

P
R

IS
E

 B
O

R
IN

G
 L

O
G

  X
L-

54
67

 (
O

LD
 X

L-
46

5
3)

 4
05

 R
E

N
T

O
N

 T
O

 B
E

LL
E

V
U

E
 E

T
L 

- 
E

N
V

IR
O

 A
N

D
 T

R
A

F
F

.G
P

J 
 E

N
T

E
R

P
R

IS
E

 D
A

T
A

 T
E

M
P

LA
T

E
.G

D
T

  5
/1

1/
1

8

>>

>>

>>

>>

>>

>>

>>

>>



D-12

D-13

D-14

D-15

D-16

42
(72)

20
26
30

(56)

26
30
41

(71)

25
36
41

(77)

28
50/6''
(REF)

32
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MC
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homogeneous.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Poorly graded SAND with silt, very dense, brown, moist,
homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Poorly graded SAND with silt, very dense, brown, moist,
homogeneous.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Poorly graded SAND with silt, very dense, grayish brown,
moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Poorly graded SAND with silt, very dense, grayish brown,
moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

MC=14%
Well graded SAND with silt, very dense, grayish brown,
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D-17

D-18

(REF)

50/6''
(REF)

50/6''
(REF)

moist, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Well graded SAND with silt, very dense, grayish brown,
moist, homogeneous.  HCl not tested.
Recovered: 0.6 ft  Retained: 0.6 ft

Well graded SAND with silt, very dense, grayish brown,
moist, homogeneous.  HCl not tested.
Recovered: 0.6 ft  Retained: 0.6 ft

The implied accuracy of the borehole location
information displayed on this boring log is typically
sub-meter in (X,Y) when collected by the HQ Geotech
Office and sub-centimeter in (X,Y,Z) when collected by
the Region Survey Crew.

End of test hole boring at 79.5 ft below ground elevation.
This is a summary Log of Test Boring.
Soil/Rock descriptions are derived from visual field
identifications and laboratory test data.
Note: REF = SPT Refusal

Bail/Recharge test:
Hole Diameter: 4 inches
Depth of boring during bail test: 79.5 ft.
Depth of casing during bail test: 74 ft.
Water depth before bailing: 22.4 ft.
Bailed bore hole water level to 49.9 ft.
Recharge after 5 minutes: 50.4 ft.
Recharge after 10 minutes: 50.7 ft.
Recharge after 15 minutes: 50.9 ft.
Recharge after 20 minutes: 50.9 ft.
Recharge after 30 minutes: 51 ft.
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APPENDIX  A
AN INTRODUCTION INTO SPT DYNAMIC PILE TESTING

The following has been written by GRL Engineers, Inc. and may only be copied with its written permission.

1. BACKGROUND

The Standard Penetration Test is frequently
conducted as an in-situ assessment of soil strength.
This test requires that a 140 lb weight is dropped 30
inches onto a drive rod at whose bottom a sampler is
usually installed. The sampler is driven for 18 inches;
the number of blows required for the last 12 inches of
driving is the so-called N-value. The N-value may be
used as a strength indicator for foundation design or
as a means of assessing the liquefaction potential of
soils.

Obviously, the SPT hammer efficiency is an important
consideration when using the N-values for design
purposes. Measurements have indicated that the
energy in the drive rod is sometimes only 30% and
and may reach 90% of the potential or rated energy of
the SPT hammer (E-rated = 0.35 kip-ft or 0.475 kJ).
The type of hammer used to drive the rod is the main
reason for these variations. On the average, the
energy in the drive rod is 60% of the standard rated
energy.

Because of the variability of energy, methods based
on N-values are considered unreliable. However,
measurements during SPT testing using the Case
Method can be done on a routine basis and these
measurements yield the transferred energy values.
With measured energy, EMX, known, an adjustment
of the measured N-value, Nm, can be made as follows.

N60 = Nm [Em / (0.6Er )] (1)

Thus, if the measured energy value is equal to the
normally expected transferred energy of 60% of E-
rated then the adjusted and measured N-values are
identical. On the other hand, if the measured energy
is only 30% then the adjusted blow count will be
reduced by 50%.

2. DYNAMIC TESTING AND ANALYSIS
METHODS APPLIED TO SPT

The Case Method of dynamic pile testing, named after
the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a
substantial ram mass (e.g. a pile driving hammer)
impacts the pile top such that the pile undergoes at
least a small permanent set.  Thus, the method is
also referred to as a “High Strain Method”. The Case
Method requires dynamic measurements on the pile
or shaft under the ram impact and then a calculation
of various quantities. Conveniently, for SPT
applications, the measurements and analyses are
done by a single piece of equipment: the SPT
Analyzer. The  Pile Driving Analyzer® (PDA) is also
suitable to perform these measurements and data
processing.

A related analysis method is the “Wave Equation
Analysis” which calculates a relationship between
bearing capacity, pile stresses, transferred energy
and field blow count.  The GRLWEAP™ program
performs this analysis and provides a complete set
of helpful information and input data. This program
can be used very effectively to simulate the SPT
driving process.

3. MEASUREMENTS

GRL uses equipment manufactured by Pile
Dynamics, Inc. The system includes either an SPT-
Analyzer™ (SPTA) or a Pile Driving Analyzer®
(PDA), an instrumented rod section and two
accelerometers. SPT energy testing is very closely
related to and borrows procedures from dynamic pile
testing. Those interested in the basis of the SPT
energy testing method may obtain extensive
literature on dynamic pile testing from GRL
Engineers, Inc.

3.1 SPT Analyzer or Pile Driving Analyzer

The basis for the results calculated by the SPTA or
PDA are strain and acceleration measured in an
instrumented rod section. These signals are
converted to rod top force, F(t), and rod top velocity,
v(t). The SPTA or PDA conditions, calibrates and
displays these signals and immediately computes
average pile force and velocity thereby eliminating
bending effects. The product of these two
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measurements is then integrated over time which
yields the energy transferred to the instrumented
section as a function of time (see Section 4.1).

For convenience and accuracy, strain measurements
are usually taken on an instrumented section of SPT
drive rod. Ideally, the section properties of the
instrumented rod and those of the drive rod are the
same, however, using subs, other sections can also
be utilized.

For the instrumented section, PDI provides a force
calibration in such a way that the output of the
instrumented rod is directly calculated without the
need for an accurate elastic modulus or cross
sectional area of the rod section.

The acceleration measurements are often demanding
in the SPT environment, because of high frequency
and high acceleration motion components. An
experienced measurement engineer, therefore, has to
evaluate the quality of this data before final
conclusions are drawn from the numerical results
calculated by SPTA or PDA.

SPTA or PDA records are taken while the standard N-
value is acquired in the conventional manner. This
then allows a direct correlation between N-value and
average transferred energy.

3.2 HPA

The SPT hammer’s ram velocity may be directly
obtained using radar technology in the Hammer
Performance Analyzer™.  The impact velocity results
can be automatically processed with a PC or recorded
on a strip chart. HPA measurements yield a hammer
kinetic energy, but not the energy transferred to the
drive rod.

4 RECORD EVALUATION BY SPTA OR PDA

4.1 HAMMER PERFORMANCE

The PDA calculates the energy transferred to the pile
top from:

E(t) = o
t F( )v( ) d (2)

The maximum of the E(t) curve is often called
ENTHRU or EMX; it is the most important quantity for
an overall evaluation of the performance of a hammer

and driving system. EMX allows for a classification of
the hammer's performance when presented as, eT,
the rated transfer efficiency, also called energy
transfer ratio (ETR) or global efficiency.

eT = EMX/ER (3)

where ER  is the hammer manufacturer’s rated
energy value or 0.35 kip-ft (0.475 kJ) in the case of
the SPT hammer.

Often in the SPT literature one finds also reference
to the EF2 energy. This evaluation is based on
assumed  proportionality between force and velocity
(see also Section 5):

v(t) = F(t) / Z (4)

where Z = EA/c is the pile impedance, E is the elastic
modulus, A is the cross sectional area and c is the
speed of the stress wave in the pile material.. 

Combining equations 2 and 4 leads to 

EF(t) = o
t F( )2 / Z d (5)

The EF2 transferred energy value is the EF-value at
the time t = 2L/c, where L is the drive rod length and
c is the stress wave speed in steel (16,800 ft/s or
5,124 m/s). Since the force is easier to measure than
both force and velocity, Equation 5 is preferred by
some test engineers.  However, the EF method is
fraught with errors and certain correction factors
have to be applied to make it approximately correct.
Among the error sources are the following:

• Proportionality is often violated prior to time
2L/c.  The proportionality between force and
velocity in a downward traveling wave only
holds if the wave does not encounter a
disturbance prior to reflecting off the pile toe.
Such disturbances include a change in cross
sectional area, an open or loose splice or joint,
or resistance along the shaft.

• Using only one force measurement precludes
a data quality check based on the
proportionality between force and velocity.
Thus, a force measurement that is for some
reason in error may not be detectable, which
will lead to errors in the EF2 value.  Data
quality checks will be discussed further in
Section 5.
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The use if EF2 is therefore not recommended but it is
often included in result presentations for the sake of
completeness.

4.2 STRESSES

During SPT monitoring, it is also of interest to monitor
compressive stresses at both the top of the drive rod
and at its bottom.

At the pile top (location of sensors) the maximum
compression stress averaged over the rod’s cross
section, CSX, is directly obtained from the
measurements. Note that this stress value refers to
the instrumented section. If the rod has a different
cross sectional area then the stress in the rod will be
different from CSX.

The SPTA or PDA can also calculate, in an
approximate manner, the force at the rod bottom,
CFB. To obtain the corresponding stress, this force
value should be divided by the appropriate cross
sectional area, e.g. by the rod area just above the
sampler or by the sampler area itself. Of course, non-
uniform stress components as they might occur at the
sampler tip due to a sloping rock are not considered
in this calculation.

5. DATA QUALITY CHECKS

Quality data is the first and foremost requirement for
accurate dynamic testing results. It is therefore
important that the measurement engineer performing
SPTA or PDA tests has the experience necessary to
recognize measurement problems and take
appropriate corrective action should problems
develop.  Fortunately, dynamic pile testing allows for
certain data quality checks because two independent
measurements are taken that have to conform to the
so-called proportionality relationship.

As long as there is only a wave traveling in one
direction, as is the case during impact when only a
downward traveling wave exists in the rod, force and
velocity measured at its top are proportional

F = v Z (5)

where Z is again the pile impedance, Z = EA/c. This
relationship can also be expressed in terms of stress

 = F/A = v (E/c) (6)

or strain

 = /E = v / c (7)

This means that the early portion of strain times
wave speed must be equal to the velocity unless the
proportionality is affected by high friction near the
pile top or by a pile cross sectional change not far
below the sensors.   Checking the proportionality is
an excellent means of assuring meaningful
measurements but is only truly meaningful for
perfectly uniform rods. Open or loose splices, for
example, will lead to a non-proportionality. For SPT
rods it is fortunate that usually no soil resistance acts
along the shaft and for that reason, proportionality
can exist until the stress wave returns from sampler
top or rod bottom unless connectors are not
sufficiently tightened or have a significant mass.

Velocity data quality can also be checked by looking
at the final displacement, DFN, which is calculated
from the acceleration by double integration. If the
calculated final displacement is much higher or lower
than indicated by the N-value, the accelerometer
attachment may be loose or the sensor may be
faulty.   If major drift in the velocity is observed,  the
EMX value may be in error, even though
proportionality from impact to time 2L/c exists. In this
case, it may be useful to evaluate the energy
transferred to the drill rod at time 2L/c, which is
calculated by the PDA or SPTA as the E2E quantity.

© 2003 GRL Engineers, Inc.
App-A-SPT-12-03

















Robert  Miner  Dynamic  Testing,  Inc.
Dynamic Measurements and Analyses for Deep Foundations

May 13, 2020

Mr. William Lockard, LEG
Wood Environment & Infrastructure Solutions, Inc.
4020 Lake Washington Blvd NE, Suite 200
Kirkland, WA 98033

Re: Penetration Test Energy Measurements 
Gregory Drilling, CME-55 Rig No. 310, CME Auto Hammer 
Bore Hole: W-63-20, May11, 2020 
Lake Washington Blvd SE, SB I-405 On-ramp
Renton, Washington RMDT Job No. 20F21

Mr. Lockard:

This letter presents energy transfer measurements made during Standard Penetration Tests

for the drill hole and drill rig referenced above.  Robert Miner Dynamic Testing, Inc. (RMDT)

made dynamic measurements with a Pile Driving Analyzer® as a hammer advanced AW rod

during sampling with a split spoon sampler.  

The purpose of RMDT's testing was the measurement of energy transferred to the drill rods. 

Measurements were made on a section of AW or NW gauge rod at the top of the drill string.

Strain gages and accelerometers on the rod were connected to a Pile Driving Analyzer® (PDA)

which generally processed acceleration and strain measurements from each hammer blow and

stored both the measurements and computed results.  Measurements and data processing

generally followed the ASTM D4633 standard. Energy transfer past the gage location, EFV,

was computed by the PDA using force and velocity records as follows:

The value "a" corresponds to the start of the record which is when the energy transfer begins

and "b" is the time at which energy transferred to the rod reaches a maximum value.  Appendix

A contains more information on our measurement equipment and methods of analysis.  The

EFV  energy calculation is  identical to the EMX energy result discussed in Appendix A.   The 

EFV and EMX values apply to the sensor location near the top of the rod.  

TEST DETAILS

On the evening of May 11, 2020, boring W-63-20 was advanced along Southbound I-405 near

the Lake Washington Blvd SE on-ramp in Renton, Washington. The drill rig used during

sampling was a track mounted CME-55  unit manufactured by Central Mine Equipment (CME)

Mailing Address:   P.O. Box 340,  Manchester, WA,  98353, USA Phone: 360-871-5480

Location:  2288 Colchester Dr. E., Ste A,  Manchester, WA,  98353 Fax: 360-871-5483



SPT Energy Measurements, Gregory Drilling Rig 310 May 13, 2020
RMDT Job No. 20F21 Page 2

and referred to as Rig No. 310 by the operator from Gregory Drilling. On May 11, 2020, the

CME-55 unit drilled to predetermined sample depth intervals ranging from 15 to 60 ft below

ground surface. The rod used to advance the split spoon at each sample depth had a diameter

matching that of AW rod. The automatic hammer in use during our testing was manufactured

by CME and appeared to use a chain drive powered by a hydraulic motor, with the ram and

chain drive enclosed within an outer casing. Energy transfer measurements during the 25 ft

sample interval used a instrumented section of NW gauge rod with an adapter to couple with

the AW gauge drill string. All other sample depth intervals were measured using an

instrumented section of AW gauge rod.

RESULTS

A summary of testing and monitoring results is given in Table 1.  The tabulated results include

the starting sample depth, the penetration resistance, the number of hammers blows in our

data set, measured energy transfer, EFV,  the computed transfer efficiency, ETR, and the

hammer blow rate, BPM.   Appendix B contains detailed numeric results for each individual test.

Energy measurements must be divided by the theoretical free fall energy of the hammer to

obtain an efficiency.  A 140 lb ram raised 30 inches above an impact surface has 350 lb-ft of

potential energy.  Thus, the transfer energy results for sampling with the 140 lb ram may be

divided by 350 lb-ft to yield the ratio of the  delivered energy to the nominal potential energy. 

This efficiency ratio, ETR,  is given for each sample interval as a percent efficiency.

Table 1.  Summary of Test Details and Results

Sample Name

and

Sample Depth 

Penetration

Resistance

(Blow/Set)

Number

 of Blows

 in

 Data Set

Average

Transfer 

Energy

EFV

(lb-ft)

Average

Transfer 

Efficiency

ETR

(percent)

Average

Hammer

Blow Rate

BPM

   (blow/min)

25 ft Sample 8/1 ft 8 305 87 53

35 ft Sample 12/1 ft 12 302 86 54

40 ft Sample 14/1 ft 14 307 88 54

45 ft Sample 16/1 ft 16 309 88 54

50 ft Sample 23/1 ft 23 311 89 54

60 ft Sample 60/1 ft 60 310 89 54

Average for Split Spoon samples: 307 88 54

Robert Miner Dynamic Testing, Inc.
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APPENDIX  A

AN INTRODUCTION INTO DYNAMIC PILE TESTING METHODS
The following has been written by Goble Rausche Likins and Associates, Inc. and may only be copied with its written permission.

BACKGROUND

Modern procedures of design and construction control

require verification of bearing capacity and integrity of

deep foundations during preconstruction test

programs and also production installation.  Dynamic

pile testing methods meet this need economically and

reliably, and therefore, form an important part of a

quality assurance program when deep foundations

are executed.  Several dynamic pile testing methods

exist; they have different benefits and limitations and

different requirements for proper execution.

The Case Method of dynamic pile testing, named

after the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a

substantial ram mass (such as that of a pile driving

hammer) impacts the pile top such that the pile

undergoes at least a small permanent set.   The

method is therefore also referred to as a “High Strain

Method”.  The Case Method requires dynamic

measurements on the pile or shaft under the ram

impact and then an evaluation of various quantities

based on closed form solutions of the wave equation,

a partial differential equation describing   the motion

of a rod under the effect of an impact.  Conveniently,

measurements and analyses are done by a single

piece of equipment: the Pile Driving Analyzer® (PDA).

However, for bearing capacity evaluations an

important additional method is CAPWAP® which

performs a much more rigorous analysis of the

dynamic records than the simpler Case Method.

A related analysis method is the “Wave Equation

Analysis” which calculates a relationship between

bearing capacity and pile stress and field blow count.

The GRLWEAP™ program performs this analysis

and provides a complete set of helpful information

and input data.

The following description deals primarily with the

Case Method or “High Strain Test” Method of pile

testing, however, for the sake of completeness,  the

“Low Strain Test” performed with the Pile  Integrity

Test™ (PIT), mainly for pile integrity evaluation, will

also be described.

RESULTS FROM DYNAMIC TESTING

There are two main objectives of high strain dynamic

pile testing:

• Dynamic Pile Monitoring and

• Dynamic Load Testing.

Dynamic pile monitoring is conducted during the

installation of impact driven piles to achieve a safe

and economical pile installation.  Dynamic load

testing, on the other hand, has as its primary goal

the assessment of pile bearing capacity.  It is

applicable to both cast insitu piles or drilled shafts

and impact driven piles during restrike.

Dynamic Pile Monitoring

During pile installation, the sensors attached to the

pile measure pile top force and velocity.  A PDA

conditions and processes these signals and

calculates or evaluates:

• Bearing capacity at the time of testing, including an

assessment of shaft resistance development and

driving resistance.  This information supports

formulation of a driving criterion.

• Dynamic pile stresses, axial and averaged over the

pile cross section, both tensile and compressive,

during pile driving to limit the potential of damage

either near the pile top or along its length.  Bending

stresses can be evaluated at the point of sensor

attachment.

• Pile integrity assessment by the PDA is based on

the recognition of certain wave reflections from

along the pile.  If detected early enough, a pile may

be saved from complete destruction.  On the other

hand, once damage is recognized measures can

be taken to prevent reoccurrence.

• Hammer performance parameters including the

energy transferred to the pile, the hammer speed

in blows per minute and the stroke of open ended

diesel hammers.



A-2

Dynamic Pile Load Testing

Bearing capacity testing of either driven piles or

drilled shafts applies the same basic measurement

approach of dynamic pile monitoring.  However, the

test is done independent of the pile installation

process and therefore a pile driving hammer or other

dynamic loading device may not be available.  If a

special ram has to be mobilized then its weight should

be between 0.8 and 2% of the test load (e.g. between

4 and 10 tons for a 500 ton test load) to assure

sufficient soil resistance activation.

For a successful test, it most important that the test is

conducted after a sufficient waiting time following pile

installation for soil properties approaching their long

term condition or concrete to properly set.  During

testing, PDA results of pile/shaft stresses and

transferred energy are used to maintain safe stresses

and assure sufficient resistance activation.  For safe

and sufficient testing  of drilled shafts, ram energies

are often increased from blow to blow until the test

capacity has been activated.  On the other hand,

restrike tests on driven piles may require a warm

hammer so that the very first blow produces a

complete resistance activation. Data must be

evaluated by CAPWAP for bearing capacity.

After the dynamic load test has been conducted with

sufficient energy and safe stresses, the CAPWAP

analysis provides the following results:

• Bearing capacity i.e. the mobilized capacity present

at the time of testing

• Resistance distribution including shaft resistance

and end bearing components

• Stresses in pile or shaft calculated for both the

static load application and the dynamic test.  These

stresses are averages over the cross section and

do not include bending effects or nonuniform

contact stresses, e.g. when the pile toe is on

uneven rock.

• Shaft impedance vs depth; this is an estimate of the

shaft shape if it differs substantially from the

planned profile

• Dynamic soil parameters for shaft and toe, i.e.

damping factors and quakes (related to the dynamic

 stiffness of the resistance at the pile/soil

interface.)

MEASUREMENTS

PDA

The basis for the results calculated by the PDA are

pile top strain and acceleration measurements which

are converted to force and velocity records,

respectively.  The PDA conditions, calibrates and

displays these signals and immediately computes

average pile force and velocity thereby eliminating

bending effects.  Using closed form Case Method

solutions, based on the one-dimensional linear wave

equation, the PDA calculates the results described

in the analytical solutions section below. 

HPA

The ram velocity may be directly obtained using

radar technology in the Hammer Performance

Analyzer™.  For this unit to be applicable, the ram

must be visible.  The impact velocity results can be

automatically processed with a PC or recorded on a

strip chart.

Saximeter™

For open end diesel hammers, the time between two

impacts indicates the magnitude of the ram fall

height or stroke.  This information is not only

measured and calculated by the PDA but also by the

convenient, hand-held Saximeter.

PIT

The Pile Integrity Tester™ (PIT) can be used to

evaluate defects in concrete piles or shafts which

may have occurred during driving or casting.  Also

timber piles of limited length can be tested in that

manner.  This so-called "Low Strain Method" or

“Pulse-Echo Method” of integrity testing requires only

the measurement of acceleration at the pile top.  The

stress wave producing impact is then generated by

a small hand-held hammer and the records

interpreted in the time domain.  PIT also supports

the so-called “Transient Response Method” which

requires the additional measurement of the hammer

force and an analysis in the frequency domain.  This

method may also be used to evaluate the unknown

length of deep foundations under existing structures.
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ANALYTICAL SOLUTIONS
BEARING CAPACITY

Wave Equation

GRL has written the GRLWEAP™ program which

calculates a relationship between bearing capacity,

pile stress and blow count.  This relationship is often

called the “bearing graph.” Once the blow count is

known from pile installation logs, the bearing graph

yields the bearing capacity.  This approach requires

no measurements and therefore can be performed

during the design stage of a project, for example for

the selection of hammer, cushion and pile size.  

After dynamic pile monitoring and/or dynamic load

testing has been performed, the “Refined Wave

Equation Analysis” or RWEA (see schematic below)

is often performed by inputting the PDA and

CAPWAP calculated parameters.  Then the bearing

graph from the RWEA is the basis for a safe and

sufficient driving criteria.

Case Method

The Case Method is a closed form solution based on

a few simplifying assumptions such as ideal plastic

soil behavior and an ideally elastic and uniform pile.

Given the measured pile top force F(t) and pile top

velocity v(t), the total soil resistance is

2 2R(t) = ½{[F(t) + F(t )] + Z[v(t) - v(t )]} (1)

where

t = a point in time after impact

2t = time t + 2L/c

L = pile length below gages

c = (E/�)  is the speed of the stress wave½

� = pile mass density

Z = EA/c is the pile impedance

E = elastic modulus of the pile (� c )2

A = pile cross sectional area

dThe total soil resistance consists of a dynamic (R )

sand a static (R ) component.  The static component

is therefore

s dR (t) = R(t) - R (t) (2)

The dynamic component may be computed from a

tsoil damping factor, J, and a pile toe velocity, v (t)

which is conveniently calculated for the pile toe.

Using wave considerations, this approach leads

immediately to the dynamic resistance

dR (t) = J[F(t) + Zv(t) - R(t)] (3)

and finally to the static resistance by means of

Equation 2.  

There are a number of ways in which Eq. 1 through

23 can be evaluated.  Most commonly, t  is set to that

time at which the static resistance becomes

maximum.  The result is the so-called RMX capacity.

Damping factors for RMX typically range between

0.5 for coarse grained materials to 1.0 for clays.  The

RSP capacity (this method is most commonly

referred to in the literature, yet it is not very

frequently used) requires damping factors between

0.1 for sand and 1.0 for clay.  Another capacity, RA2,

determines the capacity at a time when the pile is

essentially at rest and thus damping is small; RA2
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therefore requires no damping parameter.  In any

event, the proper Case Method and its associated

damping parameter is most conveniently found after

a CAPWAP analysis has been performed.

The static resistance calculated by Case Method or

CAPWAP is the mobilized resistance at the time of

testing. Consideration therefore has to be given to soil

setup or relaxation effects and whether or not a

sufficient set has been achieved under the test

loading that would correspond to a full activation of

the ultimate soil resistance.

The PDA also calculates an estimate of shaft

resistance as the difference between force and

velocity times impedance at the time immediately

prior to the return of the stress wave from the pile toe.

This shaft resistance is not reduced by damping

effects and is therefore called the total shaft

resistance SFT.  A correction for damping effects

produces the static shaft resistance estimate, SFR.

The Case Method solution is simple enough to be

evaluated "in real time," i.e. between hammer blows,

using the PDA.  It is therefore possible to calculate all

relevant results for all hammer blows and plot these

results as a function of depth or blow number.  This is

done in the PDAPLOT program. 

CAPWAP

The CAse Pile Wave Analysis Program combines the

wave equation pile and soil model with the Case

Method measurements.  Thus, the solution includes

not only the total and static bearing capacity values

but also the shaft resistance, end bearing, damping

factors and soil stiffnesses.  The method iteratively

calculates a number of unknowns by signal matching.

While it is necessary to make hammer performance

assumptions for a GRLWEAP analysis, the CAPWAP

program works with the pile top measurements.

Furthermore, while GRLWEAP and Case Method

require certain assumptions regarding the soil

behavior, CAPWAP calculates these soil parameters.

STRESSES

During pile monitoring, it is important that

compressive stress maxima at pile top and toe and

tensile stress maxima somewhere along the pile be

calculated for each hammer blow.

At the pile top (location of sensors) both the

maximum compression stress, CSX, and the

maximum stress from individual strain transducers,

CSI, are directly obtained from the measurements.

Note that CSI is greater than or equal to CSX and

the difference between CSI and CSX is a measure

of bending in the plane of the strain transducers.

Note also that all stresses calculated for locations

below the sensors are averaged over the pile cross

section and therefore do not include components

from either bending or eccentric soil resistance

effects.

The PDA calculates the compressive stress at the

pile bottom, CSB, assuming (a) a uniform pile and

(b) that the pile toe force is the maximum value of

the total resistance R(t) minus the total shaft

resistance, SFT.  Again, for this stress estimation

uniform resistance force are assumed (e.g. not a

sloping rock.)

For concrete piles, the maximum tension stress,

TSX, is also of great importance.  It occurs at some

point below the pile top.  The maximum tension

stress can be computed from the pile top

measurements by finding  the maximum tension

Uwave (either traveling upward, W ,  or downward,

dW ) and reducing it by the minimum compressive

wave traveling in opposite direction.

uW  = ½[F(t) - Zv(t)] (4)

dW  = ½[F(t) + Zv(t)] (5)

CAPWAP also calculates tensile and compressive

stresses along the pile and, in general, more

accurately than the PDA.  In fact, for non-uniform

piles or piles with joints, cracks or other

discontinuities, the closed form solutions from the

PDA may be in error.

PILE INTEGRITY

High Strain Tests (PDA)

Stress waves in a pile are reflected wherever the pile

impedance, Z = EA/c = �cA = A �(E �), changes.

Therefore, the pile impedance is a measure of the

quality of the pile material (E, �, c) and the size of its

cross section (A).  The reflected waves arrive at the

pile top at a time which is greater the farther away

from the pile top the reflection occurs.  The
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magnitude of the change of the upward traveling

wave (calculated from the measured force and

velocity, Eq. 4) indicates the extent of the cross

isectional change.  Thus, with �  (BTA) being a relative

integrity factor which is unity for no impedance

change and zero for the pile end, the following is

calculated by the PDA.

i i i�  = (1 - � )/(1 + � ) (6)

with

i UR UD Di UR� = ½(W  - W )/(W  - W ) (7)

where

UR is the upward traveling wave at the onset ofW

the reflected wave. It is caused by resistance.

UD is the upwards traveling wave due to theW

damage reflection.

DiW is the maximum downward traveling wave due
to impact.

It can be shown that this formulation is quite accurate

as long as individual reflections from different pile

impedance changes have no overlapping effects on

the stress wave reflections.

Without rigorous derivation, it has been proposed to

consider as slight damage when � is above 0.8 and a

serious damage when � is less than 0.6.

 Low Strain Tests (PIT)

The pile top is struck with a held hand hammer and

the resulting pile top velocity is measured, displayed

and interpreted for signs of wave reflections.  In

general, a comparison of the reflected acceleration

leads to a relative measure of extent of damage,

again the location of the problem is indicated by the

arrival time of the reflection.  PIT records can also be

interpreted by the �-Method.  However, low strain

tests do not activate much resistance which simplifies

UREq. 7 since W  is then equal to zero.

For drilled shafts and PIT records that clearly show a

toe reflection, an approximate shaft profile can be

calculated from low strain records using the PITSTOP

program’s PROFILE routine.

HAMMER PERFORMANCE

The PDA calculates the energy transferred to the

pile top from:

oE(t) = �  F(t)v(t) dt (8a)t

The maximum of the E(t) curve is the most important

information for an overall evaluation of the

performance of a hammer and driving system.  This

EMX value allows for a classification of the

hammer's performance when presented as the rated

transfer efficiency, also called energy transfer ratio

(ETR) or global efficiency

T Re  = EMX/E (8b)

where 

RE  is the manufacturer’s rated energy value.

Both Saximeter and PDA calculate the stroke (STK)

of an open end diesel hammer using

B LSTK = (g/8) T  - h (9)2

where

g is the earth’s gravitational acceleration,

BT is the time between two hammer blows,

Lh is a stroke loss value due to gas compression

and time losses during impact (usually 0.3 ft or

0.1 m).

DETERMINATION OF WAVE SPEED

An important facet of dynamic pile testing is an

assessment of pile material properties.  Since in

general force is determined from strain by

multiplication with elastic modulus, E, and cross

sectional area, A, the dynamic elastic modulus has

to be determined for pile materials other than steel.

In general, the records measured by the PDA clearly

indicate a pile toe reflection as long as pile

penetration per blow is greater than 1 mm or .04

inches.  The time between the onset of the force and

velocity records at impact and the onset of the

reflection from the toe (usually apparent by a local

maximum of the wave up curve) is the so-called

wave travel time, T.  Dividing 2L (L is here the length

of the pile below sensors) by T leads to the stress

wave speed in the pile:

c = 2L/T (10)
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The elastic modulus of the pile material is related to

the wave speed according to the linear elastic wave

equation theory by

E = c � (11)2

Since the mass density of the pile material, �, is

usually well known (an exception is timber for which

samples should be weighed), the elastic modulus is

easily found from the wave speed.  Note, however,

that this is a dynamic modulus which is generally

higher than the static one and that the wave speed

depends to some degree on the strain level of the

stress wave.  For example, experience shows that the

wave speed from PIT is roughly 5% higher than the

wave speed observed during a high strain test.

Other Notes:

• If the pile material is nonuniform then the wave

speed c, according to Eq. 10, is an average wave

speed and does not necessarily reflect the pile

material properties of the location where the strain

sensors are attached to the pile top.  For example,

pile driving often causes fine tension cracks some

distance below the top of concrete piles.  Then the

average c is slower than that at the pile top.  It is

therefore recommended to determine E in the

beginning of pile driving and not adjust it when the

average c changes.

• If the pile has such a high resistance that there is no

clear indication of a toe reflection then the wave

speed of the pile material must be determined either

by assumption or by taking a sample of the

concrete and measuring its wave speed in a simple

free column test.  Another possibility is to use the

proportionality relationship, discussed under “DATA

QUALITY CHECKS” to find c as the ratio between

the measured velocity and measured strain.

DATA QUALITY CHECKS

Quality data is the first and foremost requirement for

accurate dynamic testing results.  It is therefore

important that the measurement engineer performing

PDA or PIT tests has the experience necessary to

recognize measurement problems and take

appropriate corrective action should problems

develop.  Fortunately, dynamic pile testing allows for

certain data quality checks because two independent

measurements are taken that have to conform to

certain relationships.

Proportionality

As long as there is only a wave traveling in one

direction, as is the case during impact when only a

downward traveling wave exists in the pile, force and

velocity measured at the pile top are proportional

F = v Z = v (EA/c) (12a)

This relationship can also be expressed in terms of

stress

� = v (E/c) (12b)

or strain

� = v / c (12c)

This means that the early portion of strain times

wave speed must be equal to the velocity unless the

proportionality is affected by high friction near the

pile top or by a pile cross sectional change not far

below the sensors.   Checking the proportionality is

an excellent means of assuring meaningful

measurements.

Measurements are always taken at opposite sides of

the pile as a means of calculating the average force

and velocity in the pile.  The velocity on the two sides

of the pile is very similar even when high bending

exists.  Thus, an independent check of the velocity

measurements is easy and simple.

Strain measurements may differ greatly between the

two sides of the pile when bending exists.  It is even

possible that tension is measured on one side while

very high compression exists on the other side of the

pile.  In extreme cases, bending might be so high

that it leads to a nonlinear stress distribution.  The

averaging of the two strain signals does then not

lead to the average pile force and proportionality will

not be achieved.

When testing drilled shafts, measurements of strain

may also be affected by local concrete quality

variations.  It is then often necessary to use four

strain transducers spaced at 90 degrees around the

pile for an improved strain data quality.  The use of

four transducers is also recommended for large pile
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diameters, particularly when it is difficult to mount the

sensors at least two pile widths or diameters below

the pile top. 

LIMITATIONS, ADDITIONAL CONSIDERATIONS

Mobilization of capacity

Estimates of pile capacity from dynamic testing

indicate the mobilized pile capacity at the time of

testing.  At very high blow counts (low set per blow),

dynamic test methods tend to produce lower bound

capacity estimates as not all resistance (particularly

at and near the toe) is fully activated.

Time dependent soil resistance effects

Static pile capacity from dynamic method calculations

provide an estimate of the axial pile capacity.

Increases and decreases in the pile capacity with time

typically occur (soil setup/relaxation).  Therefore,

restrike testing usually yields a better indication

of long term pile capacity than a test at the end of

pile driving.  Often a wait period of one or two days

between end of driving and restrike is satisfactory for

a realistic prediction of pile capacity but this waiting

time depends, among other factors, on the

permeability of the soil.

(A) Soil setup

Because excess positive pore pressures often

develop during pile driving in fine grained soil (clays,

silts or even fine sands), the capacity of a pile at the

time of driving may often be less than the long term

pile capacity.  These pore pressures reduce the

effective stress acting on the pile thereby reducing the

soil resistance to pile penetration, and thus the pile

capacity at the time of driving.  As these pore

pressures dissipate, the soil resistance acting on the

pile increases as does the axial pile capacity.  This

phenomena is routinely called soil setup or soil

freeze.

(B) Relaxation

Relaxation (capacity reduction with time) has been

observed for piles driven into weathered shale, and

may take several days to fully develop.  Pile capacity

estimates based upon initial driving or short term

restrike tests can significantly overpredict long term

pile capacity.  Therefore, piles driven into shale

should be tested after a minimum one week wait

either statically or dynamically (with particular

emphasis than on the first few blows).  Relaxation

has also been observed for displacement piles

driven into dense saturated silts or fine sands due to

a negative pore pressure effect at the pile toe.

Again, restrike tests should be used, with great

emphasis on early blows.

Capacity results for open pile profiles

Larger diameter open ended pipe piles (or H-piles

which do not bear on rock) may behave differently

under dynamic and static loading conditions.  Under

dynamic loads the soil inside the pile or between its

flanges may slip and produce internal friction while

under static loads the plug may move with the pile,

thereby creating end bearing over the full pile cross

section.  As a result both friction and end bearing

components may be different under static and

dynamic conditions. 

CAPWAP Analysis Results

A portion of the soil resistance calculated on an

individual soil segment in a CAPWAP analysis can

usually be shifted up or down the shaft one soil

segment without significantly altering the match

quality.  Therefore, use of the CAPWAP resistance

distribution for uplift, downdrag, scour, or other

geotechnical considerations should be made with an

understanding of these analysis limitations.

Stresses

PDA and CAPWAP calculated stresses are average

values over the cross section.  Additional allowance

has to be made for bending or non-uniform contact

stresses.  To prevent damage it is therefore

important to maintain good hammer-pile alignment

and to protect the pile toes using appropriate devices

or an increased cross sectional area.

In the United States is has become generally

acceptable to limit the dynamic installation stresses

of driven piles to the following levels:

90% of yield strength for steel piles

85% of the concrete compressive strength - after

subtraction of the effective prestress - for

concrete piles in compression
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100% of effective prestress plus ½ of the

concrete’s tension strength for prestressed

piles in tension

70% of the reinforcement strength for regularly

reinforced concrete piles in tension 

300% of the static design allowable stress for

timber

Note that the dynamic stresses may either be directly

measured at the pile top by the PDA or calculated by

the PDA for other locations along the pile based on

the pile top measurements. 

Additional design considerations

Numerous factors have to be considered in pile

foundation design.  Some of these considerations

include

• additional pile loading from downdrag or negative

skin friction,

• lateral and uplift loading requirements

• effective stress changes (due to changes in water

table, excavations, fills or other changes in

overburden),

• long term settlements in general and settlement
from underlying weaker layers and/or pile group
effects,

These factors have not been evaluated by GRL and

have not been considered in the interpretation of the

dynamic testing results.  The foundation designer

should determine if these or any other considerations

are applicable to this project and the foundation

design.

Wave equation analysis results

The results calculated by the wave equation analysis

program depend on a variety of hammer, pile and

soil input parameters.  Although attempts have been

made to base the analysis on the best available

information, actual field conditions may vary and

therefore stresses and blow counts may differ from

the predictions reported.  Capacity predictions

derived from wave equation analyses should use

restrike information.  However, because of the

uncertainties associated with restrike blow counts

and restrike hammer energies, correlations of such

results with static test capacities with have often

displayed considerable scatter.

As for PDA and CAPWAP, the theory on which

GRLWEAP is based is the one-dimensional wave

equation.  For that reason, stress predictions by the

wave equation analysis can only be averages over

the pile cross section.  Thus, bending stresses or

stress concentrations due to non-uniform impact or

uneven soil or rock resistance are not considered in

these results.  Stress maxima calculated by the wave

equation are usually subjected to the same limits as

those measured directly or calculated from

measurements by the PDA.
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Summary of Case Method Results
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Robert Miner Dynamic Testing, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.5 - Printed 13-May-2020

WOOD, W-63-20, RIG 310, SPT - 25 FT SAMPLE RIG 310, CME 55, 140LB, SPT
OP: RMDT Date: 11-May-2020
AR: 1.43 in² SP: 0.492 k/ft³
LE: 29.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.35
EFV: Maximum Energy FMX: Maximum Force
ETR: Energy Transfer Ratio - Rated VMX: Maximum Velocity
BPM: Blows/Minute RAT: Length Ratio for SPT
CSX: Compression Stress Maximum DMX: Maximum Displacement
CSI: Compression Stress Maximum - Individual Sensor
BL# Depth BLC EFV ETR BPM CSX CSI FMX VMX RAT DMX

ft bl/ft k-ft (%) bpm ksi ksi kips f/s in
6 25.67 6 295.4 84.4 53.5 28.8 29.3 41 13.8 1.1 2.00
7 25.83 6 308.5 88.2 53.0 29.1 29.6 42 14.2 1.1 2.00
8 26.00 6 303.9 86.8 53.0 29.3 29.8 42 14.5 1.1 2.00
9 26.10 10 304.2 86.9 53.3 28.9 29.5 41 15.5 1.1 1.48

10 26.20 10 308.6 88.2 53.4 28.9 29.2 41 15.6 1.1 1.58
11 26.30 10 306.3 87.5 52.4 28.8 29.2 41 15.5 0.8 1.62
12 26.40 10 306.4 87.6 53.5 28.3 28.5 40 15.6 1.2 1.77
13 26.50 10 307.9 88.0 53.1 28.9 29.3 41 15.8 0.8 1.37

Average 305.1 87.2 53.2 28.9 29.3 41 15.1 1.1 1.73
Std. Dev. 4.1 1.2 0.3 0.3 0.4 0 0.7 0.1 0.24
Maximum 308.6 88.2 53.5 29.3 29.8 42 15.8 1.2 2.00
Minimum 295.4 84.4 52.4 28.3 28.5 40 13.8 0.8 1.37

Total number of blows analyzed: 8

BL# Sensors
2-13 F1: [62NWJ-1] 215.0 (1.00); F2: [62NWJ-2] 216.9 (1.00); A1: [K2448] 290.0 (1.00);

A2: [K3260] 357.0 (1.00)

BL# Comments
1 Start of test on 5/11/2020 at 10:30 PM
13 End of test on 5/11/2020 at 10:30 PM

Time Summary
Drive 13 seconds 10:30 PM - 10:30 PM BN 1 - 13
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1 - Start of test on 5/11/2020 at 11:31 PM 2 - End of test on 5/11/2020 at 11:32 PM
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Robert Miner Dynamic Testing, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.5 - Printed 13-May-2020

WOOD, W-63-20,RIG 310, SPT - 35 FT SAMPLE RIG 310, CME 55, 140LB, SPT
OP: RMDT Date: 11-May-2020
AR: 1.19 in² SP: 0.492 k/ft³
LE: 39.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.35
EFV: Maximum Energy FMX: Maximum Force
ETR: Energy Transfer Ratio - Rated VMX: Maximum Velocity
BPM: Blows/Minute RAT: Length Ratio for SPT
CSX: Compression Stress Maximum DMX: Maximum Displacement
CSI: Compression Stress Maximum - Individual Sensor
BL# Depth BLC EFV ETR BPM CSX CSI FMX VMX RAT DMX

ft bl/ft k-ft (%) bpm ksi ksi kips f/s in
3 35.60 10 303.3 86.7 54.2 24.8 24.8 30 15.6 1.0 1.81
4 35.70 10 301.4 86.1 53.9 24.8 24.8 29 15.7 1.1 1.68
5 35.80 10 302.2 86.3 53.8 24.9 24.9 30 15.6 1.1 1.48
6 35.90 10 290.6 83.0 54.0 25.0 25.0 30 15.6 1.1 1.21
7 36.00 10 294.2 84.1 54.1 25.0 25.0 30 15.6 1.1 1.20
8 36.07 14 304.7 87.1 53.8 24.9 24.9 30 15.7 1.1 1.17
9 36.14 14 302.4 86.4 53.5 25.0 25.0 30 15.7 1.0 1.42

10 36.21 14 305.0 87.2 54.2 25.0 25.0 30 15.6 1.1 1.45
11 36.29 14 301.7 86.2 53.6 24.6 24.6 29 15.8 1.1 1.25
12 36.36 14 307.0 87.7 53.6 24.6 24.6 29 16.2 1.1 1.22
13 36.43 14 305.2 87.2 53.6 25.0 25.0 30 16.2 1.1 1.12
14 36.50 14 305.3 87.2 53.9 24.9 24.9 30 16.1 1.1 1.15

Average 301.9 86.3 53.9 24.9 24.9 30 15.8 1.1 1.35
Std. Dev. 4.6 1.3 0.2 0.1 0.1 0 0.2 0.0 0.21
Maximum 307.0 87.7 54.2 25.0 25.0 30 16.2 1.1 1.81
Minimum 290.6 83.0 53.5 24.6 24.6 29 15.6 1.0 1.12

Total number of blows analyzed: 12

BL# Sensors
1-14 F1: [459 AWJ-1] 206.2 (1.00); F2: off; ; A1: [K3252] 336.0 (1.00); A2: off

BL# Comments
1 Start of test on 5/11/2020 at 11:31 PM
14 End of test on 5/11/2020 at 11:32 PM

Time Summary
Drive 14 seconds 11:31 PM - 11:32 PM BN 1 - 14



Robert Miner Dynamic Testing, Inc. - PDIPLOT2 Ver 2017.2.58.5 - Case Method & iCAP® Results
Printed: 13-May-2020 Test started: 11-May-2020

WOOD, W-63-20,RIG 310, SPT - 40 FT SAMPLE

1 - Start of test on 5/11/2020 at 11:46 PM 2 - End of test on 5/11/2020 at 11:46 PM
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Robert Miner Dynamic Testing, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.5 - Printed 13-May-2020

WOOD, W-63-20,RIG 310, SPT - 40 FT SAMPLE RIG 310, CME 55, 140LB, SPT
OP: RMDT Date: 11-May-2020
AR: 1.19 in² SP: 0.492 k/ft³
LE: 44.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.35
EFV: Maximum Energy FMX: Maximum Force
ETR: Energy Transfer Ratio - Rated VMX: Maximum Velocity
BPM: Blows/Minute RAT: Length Ratio for SPT
CSX: Compression Stress Maximum DMX: Maximum Displacement
CSI: Compression Stress Maximum - Individual Sensor
BL# Depth BLC EFV ETR BPM CSX CSI FMX VMX RAT DMX

ft bl/ft k-ft (%) bpm ksi ksi kips f/s in
5 40.57 14 310.6 88.8 54.4 25.6 25.9 30 16.1 1.1 1.08
6 40.64 14 305.6 87.3 54.2 25.6 25.7 30 15.9 1.1 1.11
7 40.71 14 303.3 86.7 54.7 25.7 25.9 31 16.0 1.1 0.98
8 40.79 14 311.9 89.1 54.1 25.9 26.0 31 16.2 1.1 1.28
9 40.86 14 306.3 87.5 55.2 25.5 25.6 30 16.0 1.1 1.32

10 40.93 14 308.2 88.1 53.8 25.7 25.7 31 16.4 1.0 1.27
11 41.00 14 307.5 87.9 53.8 25.3 25.4 30 16.4 1.0 1.22
12 41.07 14 309.4 88.4 54.4 25.3 25.5 30 16.5 1.1 1.29
13 41.14 14 304.8 87.1 54.8 25.4 25.5 30 16.5 1.0 1.44
14 41.21 14 304.5 87.0 54.4 25.4 25.6 30 16.7 1.0 1.32
15 41.29 14 304.8 87.1 54.6 25.0 25.3 30 16.6 1.0 1.35
16 41.36 14 309.1 88.3 54.0 24.9 24.9 30 16.5 1.1 1.50
17 41.43 14 306.8 87.7 54.2 25.5 25.7 30 16.6 1.0 1.36
18 41.50 14 310.8 88.8 54.2 25.8 25.9 31 16.9 1.0 1.30

Average 307.4 87.8 54.3 25.5 25.6 30 16.4 1.1 1.27
Std. Dev. 2.6 0.7 0.4 0.3 0.3 0 0.3 0.0 0.13
Maximum 311.9 89.1 55.2 25.9 26.0 31 16.9 1.1 1.50
Minimum 303.3 86.7 53.8 24.9 24.9 30 15.9 1.0 0.98

Total number of blows analyzed: 14

BL# Sensors
1-18 F1: [459 AWJ-1] 206.2 (1.02); F2: [459 AWJ-2] 206.5 (1.02); A1: [K3252] 336.0 (0.97);

A2: [K2448] 290.0 (0.94)

BL# Comments
1 Start of test on 5/11/2020 at 11:46 PM
18 End of test on 5/11/2020 at 11:46 PM

Time Summary
Drive 18 seconds 11:46 PM - 11:46 PM BN 1 - 18



Robert Miner Dynamic Testing, Inc. - PDIPLOT2 Ver 2017.2.58.5 - Case Method & iCAP® Results
Printed: 13-May-2020 Test started: 12-May-2020

WOOD, W-63-20,RIG 310, SPT - 45 FT SAMPLE

1 - Start of test on 5/12/2020 at 12:05 AM 2 - End of test on 5/12/2020 at 12:06 AM
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Appendix C – Laboratory testing procedures and results 
This appendix describes procedures associated with the laboratory tests Wood assigned for this project. Geotechnical 
laboratory testing was performed by a local, accredited geotechnical testing laboratory, subcontracted to Wood. Results of 
certain laboratory tests are enclosed in this appendix. 

Visual classification procedures 
Visual soil classifications were conducted on all samples in the field and on selected samples in the laboratory. All soils were 
classified in general accordance with the Unified Soil Classification System, which includes color, relative moisture content, 
primary soil type (based on grain size), and any accessory soil types. The resulting soil classifications are presented on the 
exploration logs contained in Appendix B. 

Moisture content determination procedures 
Moisture content determinations were performed on representative samples to aid in identification and correlation of soil types. 
All determinations were made in general accordance with ASTM D-2216. The results of these tests are shown on the 
exploration logs contained in Appendix B. 

Grain-size analysis procedures 
A grain-size analysis indicates the range of soil particle diameters included in a particular sample. Grain-size analyses were 
performed on representative samples in general accordance with ASTM D-422. The results of these tests are presented on the 
enclosed grain-size distribution graphs and were used in soil classifications shown on the exploration logs contained in 
Appendix B. 

Atterberg limit determination procedures 
Atterberg limits are used primarily for classifying and indexing cohesive soils. The liquid and plastic limits, which are defined 
as the moisture contents of a cohesive soil at arbitrarily established limits for liquid and plastic behavior, were determined for 
selected samples in general accordance with ASTM D-4318. The results of these tests are presented on the enclosed Atterberg 
limit graphs and on the boring logs contained in Appendix B. 

No. “200-Wash” analysis procedures 
A “200-wash” is a procedure in which the fine-grained soil fraction is separated from the sand and gravel by washing the soil 
on a U.S. No. 200 sieve. A “200-wash” analysis was performed on selected soil samples obtained from our explorations in 
general accordance with ASTM D-1140. The results of these analyses is presented in the enclosed grain size graphs and were 
used in our soil classifications shown on the exploration logs contained in Appendix B.  

Organic content procedures 
The organic content of soil samples was determined in accordance with ASTM D2974-14, Standard Test Methods for 
Moisture, Ash, and Organic Matter of Peat and Other Organic Soils, Test Method C (440 degrees Celsius). The result of testing 
is shown on the exploration log in Appendix B. 

Corrosion testing procedure 
Corrosion testing of soil samples consists of pH and resistivity testing. pH values were determined in accordance with EPA 
SW-846 Test Method 9045D. The resistivity values were determined in accordance with ASTM G-187. The results of testing 
are shown on the exploration log in Appendix B. 
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W‐64mw‐20 SPT‐1 2.5 SPT 13.1 Yellowish‐brown, silty SAND (SM)
W‐64mw‐20 SPT‐3 7.5 SPT 11.0 19.2 51.3 29.5 Olive‐brown, silty SAND with gravel (SM)
W‐64mw‐20 SPT‐4 10.0 SPT 6.7 0.1 88.5 11.4 Olive‐brown, well‐graded SAND with silt (SW‐SM)
W‐64mw‐20 SPT‐6 20.0 SPT 10.5 Olive‐brown, silty SAND (SM)
W‐64mw‐20 SPT‐9 35.0 SPT 6.3 6.6 Olive‐brown, poorly graded SAND with silt (SP‐SM)
W‐64mw‐20 SPT‐12 50.0 SPT 5.0 Olive‐brown, silty SAND (SM)
W‐64mw‐20 SPT‐14 60.0 SPT 5.5 Olive‐brown, silty SAND (SM)
W‐65‐20 SPT‐1 2.5 SPT 7.3 2.4 Dark grayish‐brown, silty SAND with gravel (SM)
W‐65‐20 SPT‐2 5.0 SPT 1.8 NP NP NP Dark grayish‐brown, silty SAND (SM)
W‐65‐20 SPT‐3 7.5 SPT 11.0 19.6 49.6 30.7 Dark grayish‐brown, silty SAND with gravel (SM)
W‐65‐20 SPT‐4 10.0 SPT 11.7 2.1 Dark grayish‐brown, silty SAND (SM)
W‐65‐20 SPT‐5 15.0 SPT 15.6 29.4 33.0 19.0 14.0 Dark grayish‐brown, clayey SAND (SC)
W‐65‐20 SPT‐6 20.0 SPT 2.9 11.2 Olive‐brown, poorly graded SAND with silt and gravel (SP‐SM)
W‐65‐20 SPT‐7 25.0 SPT 4.7 29.6 57.5 12.9 Olive‐brown, silty SAND with gravel (SM)
W‐65‐20 SPT‐9 35.0 SPT 7.0 11000
W‐117‐20 SPT‐1 2.5 SPT 5.2 9.7 80.2 10.2 Yellowish‐brown, well‐graded SAND with silt (SW‐SM)
W‐117‐20 SPT‐4 10.0 SPT 3.2 Light olive‐brown, silty SAND with gravel (SM)
W‐117‐20 SPT‐7 25.0 SPT 6.2 91.6 8.4 Light olive‐brown, poorly graded SAND with silt (SP‐SM)
W‐117‐20 SPT‐10 40.0 SPT 4.3 Light olive‐brown, silty SAND (SM)
W‐118‐20 SPT‐2 5.0 SPT 7.3 16.7 77.8 5.5 Olive‐brown, poorly graded SAND with silt and gravel (SP‐SM)
W‐118‐20 SPT‐4 10.0 SPT 7.3 4.6 Grayish‐brown, poorly graded SAND with gravel (SP)
W‐118‐20 SPT‐7 25.0 SPT 4.4 Gray, silty SAND with gravel (SM)
W‐118‐20 SPT‐9 35.0 SPT 3.7 Grayish‐brown, silty SAND with gravel (SM)
W‐119‐20 SPT‐2 5.0 SPT 4.3 50.6 42.0 7.4 Grayish‐brown, well‐graded GRAVEL with silt and sand (GW‐GM)
W‐119‐20 SPT‐4 10.0 SPT 5.2 Grayish‐brown, silty SAND with gravel (SM)
W‐119‐20 SPT‐6 20.0 SPT 3.8 Grayish‐brown, silty SAND with gravel (SM)
W‐119‐20 SPT‐10 40.0 SPT 6.1 8.6 Grayish‐brown, poorly graded SAND with silt (SP‐SM)
R2B‐65‐17 D‐4 12.0 SPT 9.0 18.3 50.3 31.4 17.0 15.0 3.0 Silty SAND with gravel (SM)
R2B‐65‐17 D‐10 39.0 SPT 13.0 3.1 87.6 9.2 Poorly graded SAND with silt
R2B‐65‐17 D‐15 64.0 SPT 15.0 0.6 91.8 7.5 Well graded SAND with silt
R2B‐66‐17 D‐1 4.0 SPT 12.0 3.4 89.5 7.1 Poorly graded SAND with silt
R2B‐66‐17 D‐7 24.0 SPT 8.0 49.7 45.9 4.4 Well graded GRAVEL with sand (GW)
R2B‐66‐17 D‐11 44.0 SPT 17.0 5.4 85.8 8.7 Poorly graded SAND with silt
R2B‐66‐17 D‐16 69.0 SPT 14.0 0.0 90.8 9.2 Well graded SAND with silt
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Am Test Inc.
13600 NE 126TH PL
Suite C
Kirkland, WA 98034
(425) 885-1664

Professional
Analytical
Services

Aug  3 2020
WOOD ENVIRONMENT & INFRASTRUCT
4020 LAKE WASHINGTON BLVD NE
SUITE 200
KIRKLAND, WA  98033
Attention:  ALEC ANDERSON

Dear ALEC ANDERSON:

Enclosed please find the analytical data for your I-405 R2B project.

The following is a cross correlation of client and laboratory identifications for your convenience.

CLIENT ID MATRIX AMTEST ID TEST
W-65-20 S-9 Soil 20-A010844 CONV

Your sample was received on Thursday, July 23, 2020. At the time of receipt, the sample was logged
in and properly maintained prior to the subsequent analysis.

The analytical procedures used at AmTest are well documented and are typically derived from the protocols of
the EPA, USDA, FDA or the Army Corps of Engineers.

Following the analytical data you will find the Quality Control (QC) results.

Please note that the detection limits that are listed in the body of the report refer to the Practical
Quantitation Limits (PQL's), as opposed to the Method Detection Limits (MDL's).

If you should have any questions pertaining to the data package, please feel free to contact me.

Sincerely,

Aaron W. Young
Vice President

Project #:  PS19-20316-0

BACT = Bacteriological
CONV = Conventionals

MET = Metals
ORG = Organics

NUT=Nutrients
DEM=Demand

MIN=Minerals

P.1



Am Test Inc.
13600 NE 126TH PL
Suite C
Kirkland, WA 98034
(425) 885-1664
www.amtestlab.com

Professional
Analytical
Services

ANALYSIS REPORT

WOOD ENVIRONMENT & INFRASTRUCT Date Received: 07/23/20
4020 LAKE WASHINGTON BLVD NE Date Reported:  8/ 3/20
KIRKLAND, WA  98033
Attention:  ALEC ANDERSON
Project Name: I-405 R2B
Project #: PS19-20316-0
All results reported on an as received basis.

         _________________________________________________________________________________________________

AMTEST Identification Number 20-A010844
Client Identification W-65-20 S-9
Sampling Date

         _________________________________
         Aaron W. Young
         Vice President

P.2



Am Test Inc.
13600 NE 126th PL
Suite C
Kirkland, WA, 98034
(425) 885-1664
www.amtestlab.com

Professional
Analytical
Services

QC Summary for sample number: 20-A010844

DUPLICATES
 SAMPLE #  ANALYTE  UNITS  SAMPLE VALUE  DUP VALUE  RPD
 20-A010844  pH  unit  7.0  6.9  1.4
 20-A010844  Resistivity  ohms cm  11000  13000  17.

P.3
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Appendix D – ESU Soil Properties 
This appendix describes procedures associated with the assignment of soil properties based on laboratory tests, field 
exploration, and soil property methodology. The data from the borehole logs and laboratory tests were imported into our 
spreadsheet and associated (N1)60 values were calculated. 

Stratigraphic unit grouping 
Geologic strata as defined in Section 5.2 of the Project GDM were identified based on review of the available borehole logs, 
laboratory testing and published geologic maps. Geologic cross sections were initially developed using the interpreted geologic 
strata. A geotechnical engineer then assigned Engineering Stratigraphic Units (ESUs) based on review of the geologic cross 
sections, grouping geologic strata with similar engineering properties. 

Evaluate Statistical Analysis 
The (N1)60 parameters were accumulated for each ESU. The average, geomean, and standard deviation were calculated for 
(N1)60. The blow count values were evaluated for outliers that are associated with mislabeling, testing errors, and statistics. The 
outliers were either reassigned to another ESU, remained in the statistical evaluation, or were removed from the statistical 
valuation. The blow counts vs depth chart, standard deviations, and covariance were utilized to make these assessments. The 
covariance was verified to be between 15 and 45 percent per the LRFD Bridge Design Specifications (AASHTO 2017). 

Review Soil Property Values 
Soil properties were assigned per the Geotechnical Soil Properties Methodology report (Wood 2020d). 

In most cases, the effective friction angle was assigned to the ESU group in accordance with Table 5-1 in the Project GDM 
using the average (N1)60 value. Within the range of values presented in Table 5-1, information on the fines content and soil 
plasticity was also considered to assign the effective friction angle. Values at or near the Upper limit of Table 5-1 were selected 
when fines content was determined as below 5 percent passing US sieve No.200. Values at or near the Lower Limit were 
selected for soil with “significant” fines, taken as soil with fines content greater than 30 percent passing US No.200 sieve, 
based on the 2014 Caltrans Geotechnical Manual. For samples where the fines content was between 5 and 30 percent, 
interpolation was used between the upper and lower limit to select the effective friction angle. For low plasticity fine grained 
material, material with a plasticity index less than 5, Table 5-1 was used to determine the effective friction angle using lower 
limit in comparison with the value that was derived based on the plasticity index value as referenced in the Geotechnical Soil 
Properties Methodology report (Wood 2020d). In circumstances where the ESU has high covariance and outside the soil 
parameters for the referenced volume of Engineering Geology in Washington, then the lower or higher value will be chosen. 

The unit weight for each ESU was determined based on the Caltrans (2014) method of USCS classification with blow counts. 
The value for unit weight was compared to the ranges in Coduto (2001) and the Project GDM for verification. If the unit 
weight is outside the range of the reference documents, then the value will be adjusted to fit within the range. 

Other soil engineering properties were determined based on results of Cone Penetrometer Test probes, laboratory testing and 
correlations as described in the Geotechnical Soil Properties Methodology report (Wood 2020d). 

 



Tab Description
Summary Input available information on historic boring log ID, location, elevation, drill rig ID and hammer efficiency
Summary Correct to NAVD88 vertical datum

Samples Input each SPT sample and 6‐inch interval blow count; formula calculates N Field
Samples Input available lab test data and USCS classification from Lab
Samples For R2B borings, this is all listed in Table B‐1 of the GDR
Samples Use lab data and boring log information to estimate USCS for all samples

Calc (N1)60 Use Coduto (2001) to estimate Unit weight for all samples (Unless we have Unit weight measurements)
Calc (N1)60 Use GDM to estimate Unit weight for organic/peat samples (Unless we have Unit weight measurements)
Calc (N1)60 Input for other fields in yellow highlight
Calc (N1)60 Input for fields in yellow highlight (input only known fines contents at this time)

Assign ESU based on review of geologic cross sections and other information, assign ESUs

ESU 1, 2, etc. 1 ‐ List data with (N1)60 values; give justification for deleting any values.
ESU 1, 2, etc. 2 ‐ Check COV is within limits (15 to 45% for N values); consider if ESU needs subdividing or if OK
ESU 1, 2, etc. 3 ‐ Plot Histogram and visually compare to GEOMEAN
ESU 1, 2, etc. 4 ‐ Correlate (N1)60 with friction angle; use average unless other factors

CHECK UNIT WEIGHTS AGAINST CODUTO (2001)  CHECK UNIT WEIGHTS AGAINST CODUTO (2001) 

USCS Min (pcf) Max (pcf) Average Min (pcf) Max (pcf) Average
GP 110 130 120 125 140 133
GW 110 140 125 125 150 138
GM 100 130 115 125 140 133
GC 100 130 115 125 140 133
SP 95 125 110 120 135 128
SW 95 135 115 120 145 133
SM 80 135 108 110 140 125
SC 85 130 108 110 135 123
ML 75 110 93 80 130 105
MH 75 110 93 75 130 103
CL 80 110 95 75 130 103
CH 80 110 95 70 125 98

REFERENCES:
Coduto, D.P. 2001. Foundation Design Principles and Practices . 2nd Edition. Prentice‐Hall, Inc., New Jersey.
Washington State Department of Transportation (WSDOT). 2019. Geotechnical Design Manual.  Publication M46‐03.12.

Above GW Below GW



PointID Hole Depth Elevation Northing Easting Source Hole Size Contractor Method Equipment Historical Efficiency Date Start Date End
R2B‐61‐17 61.5 162.637 203350.96 1304232.593 Note 1 4 Region Survey Crew Casing Advancer CME 45C 88 7/11/2017 7/11/2017
R2B‐74‐17 49.5 149.54 206489.55 1306007.215 Note 1 6 Region Survey Crew Casing Advancer CME 850 86 3/10/2017 3/10/2017
W‐70‐20 46.5 157 206584.011 1306044.102 Survey 8 Gregory Drilling HSA CME 55 ID: #310 88 6/11/2020 6/12/2020

Note 1 ‐ Information not available

BOREHOLE SUMMARY



1 2 3 1 2 3

Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

% Gravel % Sand

Fines 
Content 
From 
Lab % Silt % Clay

R2B‐61‐17 5 D‐1 9 15 21 6 6 6 36 SP‐SM Poorly graded SAND with silt SP‐SM 12 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0 90.1 9.9 ‐‐ ‐‐ ‐‐
R2B‐61‐17 7.5 D‐2 5 17 17 6 6 6 34 SP‐SM SP‐SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 10 D‐3 11 16 18 6 6 6 34 SP‐SM Poorly graded SAND with silt SP‐SM 16 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0 92.2 7.8 ‐‐ ‐‐ ‐‐
R2B‐61‐17 12.5 D‐4 5 18 20 6 6 6 38 SP‐SM SP‐SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 15 D‐5 14 18 25 6 6 6 43 SP‐SM SP‐SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 20 D‐6 1 21 38 6 6 6 59 SM Silty SAND SM 13 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.1 87.3 12.6 ‐‐ ‐‐ ‐‐
R2B‐61‐17 25 D‐7 16 29 32 6 6 6 61 SM SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 30 D‐8 18 27 40 6 6 6 67 SM SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 35 D‐9 14 26 31 6 6 6 57 SP‐SM Poorly graded SAND with silt SP‐SM 21 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0 91.6 8.4 ‐‐ ‐‐ ‐‐
R2B‐61‐17 40 D‐10 10 18 26 6 6 6 44 CL‐ML Sandy silty CLAY (CL‐ML) CL‐ML 21 23 19 4 ‐‐ ‐‐ ‐‐ ‐‐ 3.3 34.4 62.3 ‐‐ ‐‐ ‐‐
R2B‐61‐17 45 D‐11 8 15 27 6 6 6 42 CL‐ML Sandy silty CLAY with organics (CL‐ML) CL‐ML 20 26 19 7 ‐‐ ‐‐ ‐‐ ‐‐ 10.2 30.3 59.5 ‐‐ ‐‐ ‐‐
R2B‐61‐17 50 D‐12 11 19 29 6 6 6 48 CL‐ML CL‐ML ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 55 D‐13 14 21 31 6 6 6 52 CL‐ML CL‐ML ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐61‐17 60 D‐14 15 20 29 6 6 6 49 CL Sandy lean CLAY with organics (CL) CL 17 30 18 12 ‐‐ ‐‐ ‐‐ ‐‐ 2.5 30.2 67.2 ‐‐ ‐‐ ‐‐
R2B‐74‐17 3 D‐1 5 7 10 6 6 6 17 ML ML ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 6 D‐2 3 5 5 6 6 6 10 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 8 D‐3 3 4 4 6 6 6 8 CH Fat CLAY CH 56 71 33 38 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 11 D‐4 3 4 4 6 6 6 8 CH Fat CLAY (CH) CH 41 72 31 41 ‐‐ ‐‐ ‐‐ 2.68 0.1 0.1 99.8 ‐‐ ‐‐ ‐‐
R2B‐74‐17 13 P‐5 6 6 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 15 D‐6 3 4 5 6 6 6 9 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 18 D‐7 5 7 9 6 6 6 16 CH Fat CLAY CH 38 57 27 30 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 23 D‐8 4 4 6 6 6 6 10 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 28 D‐9 3 5 5 6 6 6 10 CH Fat CLAY CH 35 57 29 28 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 33 D‐10 4 5 10 6 6 6 15 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 38 D‐11 5 6 8 6 6 6 14 CH Fat CLAY CH 37 51 27 24 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 43 D‐12 4 7 8 6 6 6 15 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐74‐17 48 D‐13 5 7 9 6 6 6 16 CH Fat CLAY (CH) CH 40 56 27 29 ‐‐ ‐‐ ‐‐ 2.69 0 0 100 ‐‐ ‐‐ ‐‐
W‐70‐20 2.5 SPT‐1 3 8 13 6 6 6 21 CL lean CLAY CL 19.2 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 5.0 SPT‐2 8 12 15 6 6 6 27 CL CL ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 7.5 SPT‐3 7 12 14 6 6 6 26 SC clayey SAND SC 14.4 23.9974 15.8801 8.11735 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 47.7 ‐‐ ‐‐
W‐70‐20 10.0 SPT‐4 8 10 9 6 6 6 19 SC SC ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 15.0 SPT‐5 3 7 8 6 6 6 15 CH fat CLAY CH 33.2 74.6886 31.71 42.9786 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 90.3 ‐‐ ‐‐
W‐70‐20 17.5 ST‐1 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 20.0 SPT‐6 2 5 5 6 6 6 10 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 25.0 SPT‐7 3 4 5 6 6 6 9 CH fat CLAY CH 36.5 67.3707 27.7763 39.5945 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 99.9 ‐‐ ‐‐
W‐70‐20 30.0 SPT‐8 4 4 6 6 6 6 10 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 35.0 SPT‐9 3 6 6 6 6 6 12 CH lean CLAY CH 38.1 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 40.0 SPT‐10 3 4 5 6 6 6 9 CH CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐70‐20 45.0 SPT‐11 4 6 11 6 6 6 17 CH lean CLAY CH ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Notes:
1. Blank cells in the Blow Counts and Length columns signify that eiter no SPT was performed, that refusal was encountered, or that only an overall "blows per foot" N value was recorded.
 ‐‐ = not tested
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Field 
Blowcounts

Sampler Type 
(spt = standard 
penetrometer 
w/ 1.375‐inch 

I.D., m = 
Modified 
California)

Samplers 
Have Space 
for Liners 
But didn't 

Use?

Borehole 
Diameter (in)

CR, Rod 
Length 

Correction 
Factor

Cs, 
Sampling 
Method 

Correction 
Factor

CS, 
Correction 
for Sampler 
without 
Liners

Hammer 
efficiency 

(%)

CE, Energy 
Ratio 

Correction

CB, Boring 
Dia 

Correction

N60, 
Blowcount 

Corrected for 
All Factors 
except 

Overburden

Groundwater 
Depth (ft)

Avg Unit Wt of 
Sample (pcf)       
[or corrleation 

based on Coduto 
and USCS info or 
GDM for Peats]

Total 
Overburden 
Stress (psf)

Effective 
Overburden 
Stress (psf)

CN, Over‐
burden 

Correction 
(Eq 41, Idriss 
& Boulanger, 

20082) = 
(pa/σvo')^0.5 

(N1)60, 
Corrected 
Blowcount 
for All 
Factors

Limit (N1)60 
to 46

CN, Over‐
burden 

Correction 
(Eq 39, Idriss 
& Boulanger, 

20082) = 
f(N1)60 

(N1)60, 
Corrected 
Blowcount 
for All 
Factors 

refined for 
relative 
density 

Estimated 
USCS 

Classification

N Sampler Type (y/n) CR Cs CS ER(%) CE CB N60 gwt (ft) γ (pcf) σ (psf) σ' (psf) CN (N1)60
Limit (N1)60 

to 46
CN refined

(N1)60 
refined

USCS

R2B‐61‐17 5.0 36 SPT n 4 0.8 1 1.0 88 1.47 1.00 42 ‐ 109 545.0 545.0 1.7 72 46 1.4 60 SP‐SM
R2B‐61‐17 7.5 34 SPT n 4 0.8 1 1.0 88 1.47 1.00 40 ‐ 109 817.5 817.5 1.6 64 46 1.3 51 SP‐SM
R2B‐61‐17 10.0 34 SPT n 4 0.85 1 1.0 88 1.47 1.00 42 ‐ 109 1090.0 1090.0 1.4 59 46 1.2 50 SP‐SM
R2B‐61‐17 12.5 38 SPT n 4 0.85 1 1.0 88 1.47 1.00 47 ‐ 109 1362.5 1362.5 1.2 59 46 1.1 53 SP‐SM
R2B‐61‐17 15.0 43 SPT n 4 0.95 1 1.0 88 1.47 1.00 60 ‐ 109 1635.0 1635.0 1.1 68 46 1.1 64 SP‐SM
R2B‐61‐17 20.0 59 SPT n 4 0.95 1 1.0 88 1.47 1.00 82 ‐ 108 2175.0 2175.0 1.0 81 46 1.0 82 SM
R2B‐61‐17 25.0 61 SPT n 4 0.95 1 1.0 88 1.47 1.00 85 ‐ 108 2715.0 2715.0 0.9 75 46 0.9 80 SM
R2B‐61‐17 30.0 67 SPT n 4 1 1 1.0 88 1.47 1.00 98 ‐ 108 3255.0 3255.0 0.8 79 46 0.9 88 SM
R2B‐61‐17 35.0 57 SPT n 4 1 1 1.0 88 1.47 1.00 84 ‐ 109 3800.0 3800.0 0.7 62 46 0.9 72 SP‐SM
R2B‐61‐17 40.0 44 SPT n 4 1 1 1.0 88 1.47 1.00 65 ‐ 94 4270.0 4270.0 0.7 45 45 0.8 53 CL‐ML
R2B‐61‐17 45.0 42 SPT n 4 1 1 1.0 88 1.47 1.00 62 ‐ 94 4740.0 4740.0 0.7 41 41 0.8 49 CL‐ML
R2B‐61‐17 50.0 48 SPT n 4 1 1 1.0 88 1.47 1.00 70 ‐ 94 5210.0 5210.0 0.6 45 45 0.8 55 CL‐ML
R2B‐61‐17 55.0 52 SPT n 4 1 1 1.0 88 1.47 1.00 76 ‐ 94 5680.0 5680.0 0.6 47 46 0.8 59 CL‐ML
R2B‐61‐17 60.0 49 SPT n 4 1 1 1.0 88 1.47 1.00 72 ‐ 95 6155.0 6155.0 0.6 42 42 0.7 53 CL
R2B‐74‐17 3.0 17 SPT n 6 0.75 1 1.0 86 1.43 1.05 19 ‐ 93 279.0 279.0 1.7 33 33 1.7 33 ML
R2B‐74‐17 6.0 10 SPT n 6 0.8 1 1.0 86 1.43 1.05 12 ‐ 95 564.0 564.0 1.7 20 20 1.7 20 CH
R2B‐74‐17 8.0 8 SPT n 6 0.8 1 1.0 86 1.43 1.05 10 ‐ 95 754.0 754.0 1.7 16 16 1.6 16 CH
R2B‐74‐17 11.0 8 SPT n 6 0.85 1 1.0 86 1.43 1.05 10 ‐ 95 1039.0 1039.0 1.4 15 15 1.4 14 CH
R2B‐74‐17 15.0 9 SPT n 6 0.95 1 1.0 86 1.43 1.05 13 ‐ 95 1419.0 1419.0 1.2 16 16 1.2 16 CH
R2B‐74‐17 18.0 16 SPT n 6 0.95 1 1.0 86 1.43 1.05 23 ‐ 95 1704.0 1704.0 1.1 26 26 1.1 25 CH
R2B‐74‐17 23.0 10 SPT n 6 0.95 1 1.0 86 1.43 1.05 14 ‐ 95 2179.0 2179.0 1.0 14 14 1.0 14 CH
R2B‐74‐17 28.0 10 SPT n 6 0.95 1 1.0 86 1.43 1.05 14 ‐ 95 2654.0 2654.0 0.9 13 13 0.9 13 CH
R2B‐74‐17 33.0 15 SPT n 6 1 1 1.0 86 1.43 1.05 23 ‐ 95 3129.0 3129.0 0.8 19 19 0.8 19 CH
R2B‐74‐17 38.0 14 SPT n 6 1 1 1.0 86 1.43 1.05 21 ‐ 95 3604.0 3604.0 0.8 16 16 0.8 16 CH
R2B‐74‐17 43.0 15 SPT n 6 1 1 1.0 86 1.43 1.05 23 ‐ 95 4079.0 4079.0 0.7 16 16 0.7 17 CH
R2B‐74‐17 48.0 16 SPT n 6 1 1 1.0 86 1.43 1.05 24 ‐ 95 4554.0 4554.0 0.7 16 16 0.7 17 CH
W‐70‐20 2.5 21 SPT n 4 0.75 1 1.0 88 1.47 1.00 23 ‐ 95 237.5 237.5 1.7 39 39 1.7 39 CL
W‐70‐20 5.0 27 SPT n 4 0.8 1 1.0 88 1.47 1.00 32 ‐ 95 475.0 475.0 1.7 54 46 1.5 47 CL
W‐70‐20 7.5 26 SPT n 4 0.8 1 1.0 88 1.47 1.00 31 ‐ 113 757.5 757.5 1.7 51 46 1.3 40 SC
W‐70‐20 10.0 19 SPT n 4 0.85 1 1.0 88 1.47 1.00 24 ‐ 113 1040.0 1040.0 1.4 34 34 1.3 30 SC
W‐70‐20 15.0 15 SPT n 4 0.95 1 1.0 88 1.47 1.00 21 ‐ 95 1515.0 1515.0 1.2 25 25 1.1 24 CH
W‐70‐20 20.0 10 SPT n 4 0.95 1 1.0 88 1.47 1.00 14 ‐ 95 1990.0 1990.0 1.0 14 14 1.0 14 CH
W‐70‐20 25.0 9 SPT n 4 0.95 1 1.0 88 1.47 1.00 13 ‐ 95 2465.0 2465.0 0.9 12 12 0.9 12 CH
W‐70‐20 30.0 10 SPT n 4 1 1 1.0 88 1.47 1.00 15 ‐ 95 2940.0 2940.0 0.8 12 12 0.8 12 CH
W‐70‐20 35.0 12 SPT n 4 1 1 1.0 88 1.47 1.00 18 ‐ 95 3415.0 3415.0 0.8 14 14 0.8 14 CH
W‐70‐20 40.0 9 SPT n 4 1 1 1.0 88 1.47 1.00 13 ‐ 95 3890.0 3890.0 0.7 10 10 0.7 9 CH
W‐70‐20 45.0 17 SPT n 4 1 1 1.0 88 1.47 1.00 25 ‐ 95 4365.0 4365.0 0.7 17 17 0.7 18 CH

Notes:
1. Yellow highlighting indicates fields where input data was required; green highlighting indicates samples for which no SPT blow counts were recorded, and consequently columns related to blowcounts are not filled in.
2. Source: Idriss, I.M. and R.W. Boulanger. 2008. Soil Liquefaction During Earthquakes . Earthquake Engineering Research Institute.

STANDARD PENETRATION TEST DATA 1

Boring Number
Sample 

Top Depth 
(ft)



ASSIGNED ESUs

Point ID
Historic WSDOT 
R2B, WOOD

Sample ID
Sample Top 
Depth (ft)

Field N N60 (N1)60
Estimated USCS 
Classification

ESU LL PI
% Fines 
(Lab)

R2B‐61‐17 WSDOT R2B D‐1 5.0 36 42 72 SP‐SM 4A ‐‐ ‐‐ 9.9
R2B‐61‐17 WSDOT R2B D‐2 7.5 34 40 64 SP‐SM 4A
R2B‐61‐17 WSDOT R2B D‐3 10.0 34 42 59 SP‐SM 4A ‐‐ ‐‐ 7.8
R2B‐61‐17 WSDOT R2B D‐4 12.5 38 47 59 SP‐SM 4A
R2B‐61‐17 WSDOT R2B D‐5 15.0 43 60 68 SP‐SM 4A
R2B‐61‐17 WSDOT R2B D‐6 20.0 59 82 81 SM 4A ‐‐ ‐‐ 12.6
R2B‐61‐17 WSDOT R2B D‐7 25.0 61 85 75 SM 4A
R2B‐61‐17 WSDOT R2B D‐8 30.0 67 98 79 SM 4A
R2B‐61‐17 WSDOT R2B D‐9 35.0 57 84 62 SP‐SM 4A ‐‐ ‐‐ 8.4
R2B‐61‐17 WSDOT R2B D‐10 40.0 44 65 45 CL‐ML 4E 23 4 62.3
R2B‐61‐17 WSDOT R2B D‐11 45.0 42 62 41 CL‐ML 4E 26 7 59.5
R2B‐61‐17 WSDOT R2B D‐12 50.0 48 70 45 CL‐ML 4E
R2B‐61‐17 WSDOT R2B D‐13 55.0 52 76 47 CL‐ML 4E
R2B‐61‐17 WSDOT R2B D‐14 60.0 49 72 42 CL 4E 30 12 67.2
R2B‐74‐17 WSDOT R2B D‐1 3.0 17 19 33 ML 4E
R2B‐74‐17 WSDOT R2B D‐2 6.0 10 12 20 CH 4E‐1
R2B‐74‐17 WSDOT R2B D‐3 8.0 8 10 16 CH 4E‐1 71 38 ‐‐
R2B‐74‐17 WSDOT R2B D‐4 11.0 8 10 15 CH 4E‐1 72 41 99.8
R2B‐74‐17 WSDOT R2B D‐6 15.0 9 13 16 CH 4E‐1
R2B‐74‐17 WSDOT R2B D‐7 18.0 16 23 26 CH 4E‐1 57 30 ‐‐
R2B‐74‐17 WSDOT R2B D‐8 23.0 10 14 14 CH 4E‐1
R2B‐74‐17 WSDOT R2B D‐9 28.0 10 14 13 CH 4E‐1 57 28 ‐‐
R2B‐74‐17 WSDOT R2B D‐10 33.0 15 23 19 CH 4E‐1
R2B‐74‐17 WSDOT R2B D‐11 38.0 14 21 16 CH 4E‐1 51 24 ‐‐
R2B‐74‐17 WSDOT R2B D‐12 43.0 15 23 16 CH 4E‐1
R2B‐74‐17 WSDOT R2B D‐13 48.0 16 24 16 CH 4E‐1 56 29 100
W‐70‐20 WOOD SPT‐1 2.5 21 23 39 CL 4E ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐2 5.0 27 32 54 CL 4E ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐3 7.5 26 31 51 SC 4E 24.0 8.1 47.7
W‐70‐20 WOOD SPT‐4 10.0 19 24 34 SC 4E ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐5 15.0 15 21 25 CH 4E‐1 74.7 43.0 90.3
W‐70‐20 WOOD SPT‐6 20.0 10 14 14 CH 4E‐1 ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐7 25.0 9 13 12 CH 4E‐1 67.4 39.6 99.9
W‐70‐20 WOOD SPT‐8 30.0 10 15 12 CH 4E‐1 ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐9 35.0 12 18 14 CH 4E‐1 ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐10 40.0 9 13 10 CH 4E‐1 ‐‐ ‐‐ ‐‐
W‐70‐20 WOOD SPT‐11 45.0 17 25 17 CH 4E‐1 ‐‐ ‐‐ ‐‐



(N1)60 SM SC GM ML MH SP GP GW GW SP‐SM GP‐GM GW‐GM GW‐GC CL CH
0 70 70 70 70 70 85 85 100 100 77.5 77.5 85 85 100 100
1 80 80 80 80 80 95 95 105 105 87.5 87.5 92.5 91.5 105 105
2 80 80 80 80 80 95 95 105 105 87.5 87.5 92.5 92.5 110 110
3 90 90 90 90 90 105 105 115 115 97.5 97.5 102.5 101.5 115 115
4 90 90 90 90 90 105 105 115 115 97.5 97.5 102.5 102.5 115 115
5 95 95 95 95 95 105 105 115 115 100 100 105 105 115 115
6 100 100 100 100 100 110 110 120 120 105 105 110 110 120 120
7 110 110 110 110 110 120 120 125 125 115 115 117.5 116.5 120 120
8 110 110 110 110 110 120 120 125 125 115 115 117.5 117.5 120 120
9 110 110 110 110 110 120 120 130 130 115 115 120 120 120 120
10 110 110 110 110 110 120 120 130 130 115 115 120 120 125 125
11 110 110 110 110 110 120 120 130 130 115 115 120 120 125 125
12 110 110 110 110 110 120 120 130 130 115 115 120 120 125 125
13 110 110 110 110 110 125 125 130 130 117.5 117.5 120 120 130 130
14 110 110 110 110 110 125 125 130 130 117.5 117.5 120 120 130 130
15 110 110 110 110 110 125 125 135 135 117.5 117.5 122.5 122.5 130 130
16 110 110 110 110 110 125 125 135 135 117.5 117.5 122.5 122.5 130 130
17 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
18 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
19 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
20 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
21 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
22 115 115 115 115 115 125 125 135 135 120 120 125 125 130 130
23 115 115 115 115 115 130 130 135 135 122.5 122.5 125 125 130 130
24 115 115 115 115 115 130 130 135 135 122.5 122.5 125 125 130 130
25 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
26 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
27 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
28 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
29 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
30 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
32 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
34 120 120 120 120 120 130 130 140 140 125 125 130 130 130 130
36 120 120 120 120 120 135 135 145 145 127.5 127.5 132.5 132.5 130 130
38 125 125 125 125 125 135 135 145 145 130 130 135 135 130 130
40 125 125 125 125 125 135 135 145 145 130 130 135 135 130 130
42 125 125 125 125 125 135 135 145 145 130 130 135 135 130 130
44 125 125 125 125 125 135 135 145 145 130 130 135 135 130 130
46 130 130 130 130 130 140 140 150 150 135 135 140 140 130 130
48 130 130 130 130 130 140 140 150 150 135 135 140 140 130 130
50 130 130 130 130 130 140 140 150 150 135 135 140 140 130 130

Note: CALTRANS

UNIT WEIGHT



Above GW Below GW
GP 120 133
GW 125 137
GW‐GM 120 135
GW‐GC 118 135
GM 115 133
GP‐GM 118 133
GC 115 133
SP 110 128
SP‐SM 109 127
SP‐SC 112 125
SW 115 133
SW‐SM 112 129
SW‐SC 114 128
SM 108 125
SC 113 123
ML 93 105
MH 93 103
CL 95 103
CH 95 98  
OL 80 80
PT 80 80
CL‐ML 94 104
SM‐ML 101 115
SC‐SM 110 124

Coduto Table



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
W‐66‐20 5 14 6 SC-SM
W‐66‐20 10 5 SC-SM
W‐66‐20 15 3 15 SC-SM
W‐60‐20 2.5 15 SP-SM
W‐60‐20 5 18 SP-SM

W‐64mw‐20 2.5 13 SM
W‐65‐20 7.5 19 SM
W‐65‐20 10 14 SM
W‐65‐20 15 11 14 SM

AVERAGE 12.4
STD DEV  5.4
GEOMEAN 10.9

Depth (ft) A B C
0 12.4 17.8 7.1
20 12.4 17.8 7.1

A = Average (N1)60
B = Average [(N1)60 + (STD Dev (N1)60)]
C = Average [(N1)60 ‐ (STD Dev (N1)60)]

2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

43%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

Explanation of Covariance:
Covariance is within the range provided by Duncan (2000) per the SPM.

ESU #1A Fill (Loose to medium dense SAND/GRAVEL)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 11

Explanation of Histogram:
Histogram represents a normal distribution curve.

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot) Friction angle φ 
(degrees)

2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924

20

25

30

35

40

45

0 10 20 30 40 50 60

Fr
ic
tio

n 
an

gl
e 
φ
, d

eg
re
es

(N1)60, blows per foot

WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 10.9 36 31 34
Average 12.4 37 32 34
Average minus 
one standard 
deviation

7.1 34 29 32

32

Explanation of Friction Angle:

5 USCS SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 110 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Explanation of Unit Weight (pcf):

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual . 
Coduto, D.P. 2001. Foundation Design Principles and Practices . 2nd Edition. Prentice‐Hall, Inc., New Jersey.
Duncan, J.M. 2000. “Factors of Safety and Reliability in Geotechnical Engineering.” ASCE Journal of Geotechnical and Geoenvironmental Engineering , Vol. 126, No.4, pp. 307‐316.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties . FHWA‐IF‐02‐034.

Unit weight was selected as SM based on the variation of fill material soil classifications from SP‐SM to SC. The unit weight was selected using Figure 4 of the SPM and verified within the range of CODUTO (2001).

PEAK FRICTION ANGLE (deg)

The friction angle was selected based on the low (N1)60 with high level of covariance and an average fines content of 29%.   



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
W‐66‐20 2.5 26 SC-SM
W‐66‐20 20 22 SM

W‐64mw‐20 5 26 SM
W‐65‐20 5 30 0 SM
W‐65‐20 2 22 SM

AVERAGE 25.2
STD DEV  3.3
GEOMEAN 25.0

Depth (ft) A B C
0 25.2 28.5 21.9
25 25.2 28.5 21.9

A = Average (N1)60
B = Average [(N1)60 + (STD Dev (N1)60)]
C = Average [(N1)60 ‐ (STD Dev (N1)60)]

2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

13%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

Explanation of Covariance:
Covariance is within the range provided by Duncan (2000) per the SPM.

ESU #1B Fill (Medium dense to dense) SAND/GRAVEL)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 25

Explanation of Histogram:
It is difficult to determine the normal distribution for the histogram with the small sample size.

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot) Friction angle φ 
(degrees)

2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 25.0 40 35 37
Average 25.2 40 35 37
Average minus 
one standard 
deviation

21.9 39 34 36

35

Explanation of Friction Angle:

5 USCS SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 120 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Explanation of Unit Weight (pcf):

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Duncan, J.M. 2000. “Factors of Safety and Reliability in Geotechnical Engineering.” ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 126, No.4, pp. 307‐316.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties. FHWA‐IF‐02‐034.

The friction angle was selected based on the low (N1)60 with high fines content of 29%.  

Unit weight was selected as SM based on 80% of the samples classified as SM. The unit weight was selected using Figure 4 of the SPM and verified within the range of CODUTO (2001).

PEAK FRICTION ANGLE (deg)



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
W‐66‐20 25 72 SP-SM
W‐66‐20 30 78 SP-SM
W‐66‐20 35 76 SP-SM
W‐66‐20 40 80 SP-SM
W‐66‐20 45 64 SP-SM
W‐66‐20 50 61 SP-SM
W‐66‐20 55 81 SP-SM
R2B‐61‐17 5 72 SP-SM
R2B‐61‐17 7.5 64 SP-SM
R2B‐61‐17 10 59 SP-SM
R2B‐61‐17 12.5 59 SP-SM
R2B‐61‐17 15 68 SP-SM
R2B‐61‐17 20 81 SM
R2B‐61‐17 25 75 SM
R2B‐61‐17 30 79 SM
R2B‐61‐17 35 62 SP-SM
R2B‐65‐17 14 100 GW
R2B‐65‐17 19 100 GW
R2B‐65‐17 24 100 GW
R2B‐65‐17 29 100 GW
R2B‐65‐17 34 100 SP-SM
R2B‐65‐17 39 100 SP-SM
R2B‐65‐17 44 83 SP-SM
R2B‐65‐17 49 90 SP-SM
R2B‐65‐17 54 86 SP-SM
R2B‐65‐17 59 82 SP-SM
R2B‐65‐17 64 79 SW-SM
R2B‐65‐17 69 95 SP
R2B‐65‐17 79 72 SP
R2B‐65‐17 75 73 SP
R2B‐66‐17 12 100 GW
R2B‐66‐17 14 100 GW
R2B‐66‐17 19 100 GW
R2B‐66‐17 24 100 GW
R2B‐66‐17 29 100 GW
R2B‐66‐17 34 100 GW
R2B‐66‐17 39 98 GW
R2B‐66‐17 44 67 SP-SM
R2B‐66‐17 49 49 SP-SM
R2B‐66‐17 54 60 SP-SM
R2B‐66‐17 59 62 SP-SM
R2B‐66‐17 64 78 SP-SM
R2B‐66‐17 69 75 SW-SM
R2B‐66‐17 74 73 SW-SM
R2B‐66‐17 79 70 SW-SM Depth (ft) A B C
W‐60‐20 7.5 76 SM 0 81.4 100.0 62.8
W‐60‐20 10 100 SP-SM 80 81.4 100.0 62.8
W‐60‐20 15 100 GP-GM A = Average (N1)60
W‐60‐20 20 100 SP-SM B = Average [(N1)60 + (STD Dev (N1)60)]
W‐60‐20 25 95 SP-SM C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #4A Advance Outwash (Dense to very dense Sand/Gravel)

Point ID Depth (N1)60 
1 PI USCS

Check (N1)60 data for outliers
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W‐60‐20 30 100 GP-GM
W‐60‐20 35 100 SM
W‐60‐20 40 100 SM

W‐62mw‐20 2.5 47 SP-SM
W‐62mw‐20 5 62 SP-SM
W‐62mw‐20 7.5 100 SP-SM
W‐62mw‐20 10 100 SP-SM
W‐62mw‐20 15 100 SP-SM
W‐62mw‐20 20 100 SM
W‐62mw‐20 25 100 SM
W‐62mw‐20 30 100 GP-GM
W‐62mw‐20 35 76 SM
W‐62mw‐20 40 63 SM
W‐62mw‐20 45 52 SM
W‐64mw‐20 7.5 44 SM
W‐64mw‐20 10 33 SW-SM
W‐64mw‐20 15 63 SW-SM
W‐64mw‐20 20 64 SM
W‐64mw‐20 25 66 SM
W‐64mw‐20 30 70 SM
W‐64mw‐20 35 75 SP-SM
W‐64mw‐20 40 72 SP-SM
W‐64mw‐20 45 87 SP-SM
W‐64mw‐20 50 75 SM
W‐64mw‐20 55 58 SM
W‐64mw‐20 60 56 SM
W‐65‐20 20 100 SM
W‐65‐20 25 100 SM
W‐65‐20 30 100 SM
W‐65‐20 35 100 SM
W‐65‐20 40 100 SM
W‐65‐20 45 100 SM
W‐65‐20 50 62 SP-SM
W‐117‐20 2.5 46 SW-SM
W‐117‐20 5 67 SP-SM
W‐117‐20 7.5 100 ML
W‐117‐20 10 100 SM
W‐117‐20 15 66 SP-SM
W‐117‐20 20 59 SP-SM
W‐117‐20 25 58 SP-SM
W‐117‐20 30 63 SP-SM
W‐117‐20 35 64 SP-SM
W‐117‐20 40 44 SM
W‐118‐20 2.5 46 SP-SM
W‐118‐20 5 51 SP-SM
W‐118‐20 7.5 77 SP
W‐118‐20 10 74 SP
W‐118‐20 15 100 GP-GM
W‐118‐20 20 100 GP-GM
W‐118‐20 25 100 SM
W‐118‐20 30 100 SM
W‐118‐20 35 98 SM
W‐118‐20 40 100 SM
W‐119‐20 2.5 100 GP-GM
W‐119‐20 5 100 GW-GM
W‐119‐20 7.5 100 GW-GM
W‐119‐20 10 100 SM



W‐119‐20 15 100 SM
W‐119‐20 20 100 SM
W‐119‐20 25 100 SM
W‐119‐20 30 100 SM
W‐119‐20 35 100 SM
W‐119‐20 40 66 SP-SM

AVERAGE 81.4
STD DEV  18.6
GEOMEAN 79.0

Notes:
1. Truncated blow counts at 100

2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

23%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

Explanation of Covariance:
Covariance is within the range provided by Duncan (2000) per the SPM.

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 79

Explanation of Histogram:
Histogram represents a lognormal distribution curve.



4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot) Friction angle φ 
(degrees)

2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

(N1)60 φ (high) φ (low) φ (avg)
Geomean 79.0 44 39 42
Average 81.4 45 40 42
Average minus 
one standard 
deviation

62.8 43 38 41

42

Explanation of Friction Angle:

5 USCS SP‐SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 135 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Explanation of Unit Weight (pcf):

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Duncan, J.M. 2000. “Factors of Safety and Reliability in Geotechnical Engineering.” ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 126, No.4, pp. 307‐316.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties. FHWA‐IF‐02‐034.

The friction angle was selected based on the average (N1)60  with predominantly granular soil type, over‐consolidated, and an average fines content of 9%. The selected friction angle is within a reasonable range in GDM section 15.13.3, Outwash 
40‐45. The friction angle is above the range in the Engineering Geology in Washington , Vol. 1, Outwash 30‐40.

Unit weight was selected as SP‐SM based on the fines content and soil classifications. The unit weight was selected using Figure 4 of the SPM and verified within the range of CODUTO (2001).

PEAK FRICTION ANGLE (deg)

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐65‐17 4 100 SM
R2B‐65‐17 7 100 SM
R2B‐65‐17 9 100 SM
R2B‐65‐17 12 100 2 SM
R2B‐66‐17 4 79 SP-SM
R2B‐66‐17 7 100 SW
R2B‐66‐17 9 100 SW

Depth (ft) A B C
0 97.0 104.9 89.1
20 97.0 104.9 89.1

AVERAGE 97.0 A = Average (N1)60
STD DEV  7.9 B = Average [(N1)60 + (STD Dev (N1)60)]
GEOMEAN 96.7 C = Average [(N1)60 ‐ (STD Dev (N1)60)]

Notes:
1. Truncated blow counts at 100

2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

8%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

ESU #4C Glacial Till (dense to very dense)

Point ID Depth (N1)60  
1 PI USCS

Check (N1)60 data for outliers 0
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Explanation of Covariance:
Covariance is within the range provided by Duncan (2000) per the SPM.

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 97

Explanation of Histogram:
Histogram represents a lognormal distribution curve.

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot) Friction angle φ 
(degrees)

2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 50.0 42 37 40
Average 97.0 45 40 43
Average minus 
one standard 
deviation

89.1 45 40 42

43

Explanation of Friction Angle:

5 USCS SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 135 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Explanation of Unit Weight (pcf):

10 Effective Cohesion (psf) 500

Explanation of Cohesion (psf):

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Duncan, J.M. 2000. “Factors of Safety and Reliability in Geotechnical Engineering.” ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 126, No.4, pp. 307‐316.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties. FHWA‐IF‐02‐034.

The friction angle was selected  based on the average of table 5‐1 with the truncated blow count values of 50. The over‐consolidated till material has high strength based on historic data, so the high fines content should not dictate a lower bound 
value.  The blow counts were also capped at 100, which restricts the calculated friction angle for till material. Additionally, the selected friction angle is within a reasonable range by using Engineering Geology in Washington, Vol.  1, Till 35‐45 and 
GDM section 5.13.3.

Unit weight was selected as SM based on the soil classification and avg. fines content of 30. The unit weight was selected using Figure 4 of the SPM and verified within the range of CODUTO (2001).

The selected effective cohesion is based on the average typical value of cohesion of 100 to 1,000 psf in GDM section 5.13.3. This value is less than the reasonable range in the Engineering Geology in Washington, Vol. 1, Till 1000‐4000.

PEAK FRICTION ANGLE (deg)
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Appendix E – Test Pit Logs 
Test Pit Procedures 
Test pits were excavated with a track-mounted excavator operated by the Flatiron-Lane Joint Venture. A geologist from Wood 
continuously observed the test pit excavations and logged the subsurface conditions. After logging each test pit, the perimeter 
around the pit was secured to allow the pit to remain open for a minimum of 24 hours. The following day, a geologist returned 
to the pits to document any changes, such as caving, spalling, seepage, etc. 

The enclosed test pit logs indicate the vertical sequence of soils and materials encountered in each test pit, based primarily on 
field classifications and supported by laboratory examination and testing. Where a soil contact was observed to be gradational 
or undulating, our logs indicate the average contact depth. We estimated the relative density and consistency of the in-situ soils 
by means of the excavation characteristics and the stability of the test pit sidewalls. Our logs also indicate the approximate 
depths of any sidewall caving or groundwater seepage observed in the test pits, as well as all sample numbers and sampling 
locations. 

 



 
 

 

 The contents of this field report were discussed with the contractor’s on-site 
representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record. 

 WOOD FIELD REPRESENTATIVE 

 

 

  WOOD ENGINEER OF RECORD  
 

// 

Wood Environment & Infrastructure Solutions, Inc. 
4020 Lake Washington Blvd. NE, Suite 200  
Kirkland, WA 98033  

Tel (425) 368-1000 
Fax (425) 368-1001 Special Inspection Report 

 

PROJECT NAME 

WSDOT I-405 Renton to Bellevue Design Build 
PROJECT NO. 

PS19-203160-0 

FIELD REPORT NO. 
2021-03-17~CMM T. Soil Nail 

09.05R 
ADDRESS 
Soil Nail Wall: 09.05R  

DATE 
March 17, 2021 

PAGE 

1 OF 3 
CITY OR COUNTY 
Bellevue, WA 

PERMIT NO. 
 

ARRIVAL TIME 
10:00AM 

DEPARTURE TIME 
10:30AM 

CLIENT 
WSDOT 

WOOD ENGINEER OF RECORD/PHONE NO. 
Dong-Soo Lee / (425) 330-3082 

GENERAL CONTRACTOR 
FLJV 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 
Carlos Mendoza / (206) 661-4744  

SUBCONTRACTOR 
Drill Tech Drilling and Shoring Inc./Bill Creger (510) 598-
0609 

WEATHER 

Sunny, High 50’s 
TYPE OF WORK PERFORMED 
Fill Wall 09.05R-B: Soil Nail Wall  
EQUIPMENT USED 
 

 

COMMENTS 

09.05R: Soil Nail Wall 
 
Wood was onsite to observe any caving on both test pit, after left open 24-hours. Both test pits showed no signs of 
caving.  
 
The northern test pit consisted of 3 soil layers: 

• Layer 1: 0-1’ (bgs): sandy SILT with organics (Fill) 
• Layer 2: 1-5’ (bgs): silty SAND with gravel (Fill) 
• Layer 3: 5-11’ (bgs): poorly graded sand with interbedded gravels (Qva) 

 
The southern test pit consisted of 3 soil layers: 

• Layer 1: 0-1’ (bgs): sandy SILT with organics (Fill) 
• Layer 2: 1-3’ (bgs): silty SAND with gravel (Fill) 
• Layer 3: 3-8’ (bgs): poorly graded sand with interbedded gravels (Qva) 

 
The southernmost test pit has about 6’ of fill intruding into the native soils, as depicted in Image 2: Southern TP.  
 



 

 

  
                                                                                                                                                                                                      Picture Facing Southeast 

 

Image 1: Northern Test Pit 
 

PROJECT NAME PROJECT NO. FIELD REPORT NO. 

WSDOT I-405 Renton to Bellevue Design Build PS19-20316-0 2021-03-17~CMM T. Soil Nail 09.05R 
DESCRIPTION DATE PAGE 

Northern Test Pit on 09.05R-B March 17, 2021 2 OF 3 

Layer 1 

Layer 2 

Layer 3 



 

 

  
                                                                                                                                                                                                                  Picture Facing East 

 

Image 2: Southern Test Pit 

PROJECT NAME PROJECT NO. FIELD REPORT NO. 

WSDOT I-405 Renton to Bellevue Design Build PS19-20316-0 2021-03-17~CMM T. Soil Nail 09.05R 
DESCRIPTION DATE PAGE 

Southern Test Pit on 09.05R-B  March 17, 2021 3 OF 3 
 

Layer 1 

Layer 2 

Layer 3 

Fill 
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Cross 
Section Case Method Page Number 

Project Wall 
Height Factor of 

Safety 

1+40 

Permanent Static, Long-Term Morgenstern-Price F-1 2.1 

Permanent Static, Long-Term Spencer F-23 2.2 

Temporary, Non-Critical Morgenstern-Price F-45 1.3 

Temporary, Non-Critical Spencer F-65 1.4 

Seismic Morgenstern-Price F-85 1.3 

Seismic Bishop F-102 1.2 

3+80 

Permanent Static, Long-Term Morgenstern-Price F-124 1.9 

Permanent Static, Long-Term Spencer F-155 2.0 

Temporary, Non-Critical Morgenstern-Price F-186 1.6 

Temporary, Non-Critical Spencer F-215 1.7 

Seismic Morgenstern-Price F-244 1.6 

Seismic Bishop F-262 1.7 

5+20 

Permanent Static, Long-Term Morgenstern-Price F-284 1.8 

Permanent Static, Long-Term Spencer F-308 1.8 

Temporary, Non-Critical Morgenstern-Price F-332 1.5 

Temporary, Non-Critical Spencer F-354 1.5 

Seismic Morgenstern-Price F-376 1.4 

Seismic Bishop F-392 1.4 



THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Perm Static, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 3:34:51 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Perm Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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F-2



Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: M-P

YesNo0.2650.7010.58123.7318.1723.731.685CalculatedForward Com

YesNo0.2150.5680.47119.2314.7219.231.699CalculatedExc. 137 ft

YesNo0.1440.3810.35112.919.8912.912.676CalculatedProject Heigh

YesNo0.1440.3810.35112.919.8912.912.147CalculatedProject Wall 

YesNo0.0670.1780.1646.014.66.012.141CalculatedExc. 147 ft

YesNo0000001.58CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage

F-3
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.685YesForward Co

N/AN/AN/AAutoAutoAutomatic1.51.699YesExc. 137 ft

N/AN/AN/AAutoAutoAutomatic1.52.676YesProject Heig

N/AN/AN/AAutoAutoAutomatic1.52.147YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.141YesExc. 147 ft

N/AN/A23.874168.39112.417Circle1.51.58YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.58138.64Strength IaAASHTO LRFN/AxR (1 to 25)xL (-25 to 0)

N/AN/AN/A0.47138.3Strength IaAASHTO LRFN/AxR (0 to 25)xL (-45 to -5)

N/AN/AN/A0.3510Strength IaAASHTO LRFN/AxR (15 to 80)xL (-80 to -35

N/AN/AN/A0.35111.02Strength IaAASHTO LRFN/AxR (0.5 to 25)xL (-5 to -45)

N/AN/AN/A0.16430.14Strength IaAASHTO LRFN/AxR (0 to 25)xL (-45 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code

F-4



γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/22

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

9.071.511160151350150: N1N4

17.632.938160151400150: N1N3

18.173.028460151450150: N1N2

16.352.725560151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

F-5
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)

F-6
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 148ft
Radii search ends at point x= 0ft, z= 135ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 147 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -5ft, xLmax= -45ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -35ft
Right search limits: xRmin= 15ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 137 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-25ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 6 points.
Left search limits: xLmin= -25ft, xLmax= 0ft
Right search limits: xRmin= 1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A132152YesForward Compatible 

6N/A137152YesExc. 137 ft

6N/A142152YesProject Height-Global

6N/A142152YesProject Wall Height

6N/A147152YesExc. 147 ft

6N/A143152NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 12.417 z= 168.391 FS= 1.58

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -11.162 z= 165.488 FS= 2.141

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3230.1411.650: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 3.6 z= 162 FS= 2.147

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3211.029.611: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.32000: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -3.746 z= 163.171 FS= 2.676

------------------Not ac3: N4

------------------Not ac2: N3

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.32001: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.32000: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -5.628 z= 163.759 FS= 1.699

------------------Not ac3: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.328.842: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.2812.451: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3226.8900: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 6.544 z= 145.698 FS= 1.685
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FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.6435.983: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5623.192: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.089.251: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3226.7400: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Perm Static, Spencer) - Copy.SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 3:38:16 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Perm Static,
Spencer)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: Spencer

YesNo0.2650.7010.58123.7318.1723.731.719CalculatedForward Com

YesNo0.2150.5680.47119.2314.7219.231.846CalculatedExc. 137 ft

YesNo0.1440.3810.35112.919.8912.912.391CalculatedProject Heigh

YesNo0.1440.3810.35112.919.8912.912.17CalculatedProject Wall 

YesNo0.0670.1780.1646.014.66.012.169CalculatedExc. 147 ft

YesNo0000001.579CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.719YesForward Co

N/AN/AN/AAutoAutoAutomatic1.51.846YesExc. 137 ft

N/AN/AN/AAutoAutoAutomatic1.52.391YesProject Heig

N/AN/AN/AAutoAutoAutomatic1.52.17YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.169YesExc. 147 ft

N/AN/A23.874168.39112.417Circle1.51.579YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.58138.56Strength IaAASHTO LRFN/AxR (1 to 25)xL (-30 to 0)

N/AN/AN/A0.47138.3Strength IaAASHTO LRFN/AxR (0 to 25)xL (-45 to -5)

N/AN/AN/A0.3510Strength IaAASHTO LRFN/AxR (15 to 80)xL (-80 to -35

N/AN/AN/A0.3518.61Strength IaAASHTO LRFN/AxR (0.5 to 25)xL (-5 to -45)

N/AN/AN/A0.16430.14Strength IaAASHTO LRFN/AxR (0 to 25)xL (-45 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code
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γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/22

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

9.071.511160151350150: N1N4

17.632.938160151400150: N1N3

18.173.028460151450150: N1N2

16.352.725560151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 148ft
Radii search ends at point x= 0ft, z= 135ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 147 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -5ft, xLmax= -45ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -35ft
Right search limits: xRmin= 15ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 137 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

6Number of points

1ft to 25ftRight limits

-30ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 6 points.
Left search limits: xLmin= -30ft, xLmax= 0ft
Right search limits: xRmin= 1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A132152YesForward Compatible 

6N/A137152YesExc. 137 ft

6N/A142152YesProject Height-Global

6N/A142152YesProject Wall Height

6N/A147152YesExc. 147 ft

6N/A143152NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail

F-36



15/22

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 12.417 z= 168.391 FS= 1.579

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -11.129 z= 165.478 FS= 2.169

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3230.149.220: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 3.511 z= 162 FS= 2.17

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.328.617.51: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.32000: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= 2.463 z= 162 FS= 2.391

------------------Not ac3: N4

------------------Not ac2: N3

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.32001: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.32000: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -9.637 z= 165.012 FS= 1.846

------------------Not ac3: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.336.032: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.2817.91: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3226.892.520: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 6.544 z= 145.385 FS= 1.719
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FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5634.953: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5125.72: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3235.1412.751: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3224.642.010: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Temp Static, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 4:16:12 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Temp Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).

3/20

Quick analysis summary for design section: M-P

YesNo0.1590.4210.34914.2410.9114.241.37CalculatedForward Com

YesNo0.1070.2830.269.567.329.561.387CalculatedExc. 137 ft

YesNo0.050.1320.1214.453.414.451.342CalculatedProject Wall 

YesNo0000001.504CalculatedExc. 147 ft

YesNo0000001.58CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.37YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.387YesExc. 137 ft

N/AN/AN/AAutoAutoAutomatic1.21.342YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.504YesExc. 147 ft

N/AN/A23.874168.39112.417Circle1.21.58YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.34938.44Service IAASHTO LRFN/AxR (1 to 20)xL (-23 to 0)

N/AN/AN/A0.2636.94Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A0.12128.06Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code
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γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/20

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1Permanent anchors

1Temporary anchors

1Permanent loads

1Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Service ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

0060151350150: N1N4

7.341.222960151400150: N1N3

10.911.817860151450150: N1N2

9.821.63660151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 148ft
Radii search ends at point x= 0ft, z= 135ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 147 ft
Table: Basic analysis assumptions last stage

F-51



8/20

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 137 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

1ft to 20ftRight limits

-23ft to 0ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -23ft, xLmax= 0ft
Right search limits: xRmin= 1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A137152YesForward Compatible 

6N/A142152YesExc. 137 ft

6N/A147152YesProject Wall Height

6N/A147152NoExc. 147 ft

6N/A143152NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

14/20

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 12.417 z= 168.391 FS= 1.58

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -2.535 z= 162.792 FS= 1.504

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -2.722 z= 162.851 FS= 1.342

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3228.0610.790: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -4.988 z= 163.559 FS= 1.387

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3236.9412.161: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3227.2300: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -4.326 z= 163.352 FS= 1.37

------------------Not ac3: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.4425.562: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.1312.671: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3226.831.910: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Temp Static, Spencer).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 4:18:28 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Temp Static,
Spencer)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).

3/20

Quick analysis summary for design section: Spencer

YesNo0.1590.4210.34914.2410.9114.241.322CalculatedForward Com

YesNo0.1070.2830.269.567.329.561.422CalculatedExc. 137 ft

YesNo0.050.1320.1214.453.414.451.433CalculatedProject Wall 

YesNo0000001.603CalculatedExc. 147 ft

YesNo0000001.579CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.322YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.422YesExc. 137 ft

N/AN/AN/AAutoAutoAutomatic1.21.433YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.603YesExc. 147 ft

N/AN/A23.874168.39112.417Circle1.21.579YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.34938.52Service IAASHTO LRFN/AxR (0 to 15)xL (-23 to -1)

N/AN/AN/A0.2636.94Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A0.12128.06Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AxR (0.5 to 25)xL (-45 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code
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γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/20

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1Permanent anchors

1Temporary anchors

1Permanent loads

1Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Service ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

0060151350150: N1N4

7.341.222960151400150: N1N3

10.911.817860151450150: N1N2

9.821.63660151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 148ft
Radii search ends at point x= 0ft, z= 135ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 147 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 137 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.5ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 15ftRight limits

-23ft to -1ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -23ft, xLmax= -1ft
Right search limits: xRmin= 0ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A137152YesForward Compatible 

6N/A142152YesExc. 137 ft

6N/A147152YesProject Wall Height

6N/A147152NoExc. 147 ft

6N/A143152NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

14/20

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 12.417 z= 168.391 FS= 1.579

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -0.449 z= 162.14 FS= 1.603

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

------------------Not ac0: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -0.321 z= 162.1 FS= 1.433

------------------Not ac3: N4

------------------Not ac2: N3

------------------Not ac1: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3228.0610.120: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -3.888 z= 163.215 FS= 1.422

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3236.9412.791: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3227.2300: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -5.75 z= 163.797 FS= 1.322

------------------Not ac3: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5226.312: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3236.3412.161: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3231.080.280: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Seismic, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 7:50:48 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Seismic, M-P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)

3/17

Quick analysis summary for design section: M-P

YesNo0.3210.8820.77628.7922.8628.791.317CalculatedForward Com

YesNo0.290.8820.59222.8622.8624.91.747CalculatedProject Wall 

YesNo0.290.8820.59222.8622.8624.91.325CalculatedProject Wall 

YesNo0.290.8820.5622.8622.8624.91.517CalculatedStage 0

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.11.317YesForward Co

N/AN/AN/AAutoAutoAutomatic1.11.747YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.11.325YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.517YesStage 0

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.77638.51Extreme IAASHTO LRFN/AxR (0.5 to 23)xL (-35 to -1)

N/AN/AN/A0.5920Extreme IAASHTO LRFN/AxR (13 to 80)xL (-80 to -40

N/AN/AN/A0.59237.21Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-55 to -5)

N/AN/AN/A0.5636.4Service IAASHTO LRFN/AxR (0.1 to 20)xL (-45 to -5)

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.5ft to 23ftRight limits

-35ft to -1ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/17

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

9.691.615660151350150: N1N4

19.33.217160151400150: N1N3

22.863.809760151450150: N1N2

21.843.640660151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Stage 0
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.5ft to 23ftRight limits

-35ft to -1ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.5ft to 23ftRight limits

-35ft to -1ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.5ft to 23ftRight limits

-35ft to -1ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -40ft
Right search limits: xRmin= 13ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.5ft to 23ftRight limits

-35ft to -1ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -35ft, xLmax= -1ft
Right search limits: xRmin= 0.5ft, xRmax= 23ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A133152YesForward Compatible 

6N/A143152YesProject Wall Height-G

6N/A143152YesProject Wall Height

6N/A133152YesStage 0

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -4.342 z= 163.357 FS= 1.325

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.2115.271: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3228.0600: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -0.555 z= 162.173 FS= 1.747

------------------Not ac3: N4

------------------Not ac2: N3

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.32001: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.32000: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -5.574 z= 163.742 FS= 1.317

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5131.393: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.78.832: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3231.1401: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3231.0600: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\1+40\New Stratigraphy\CS Sta
1+40 (Seismic, Bishop).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 7:58:21 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 1+40 (Seismic, Bishop)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: Bishop

YesNo0.3210.8820.77628.7922.8628.791.388CalculatedProject Wall 

YesNo0.3210.8820.77628.7922.8628.793.317CalculatedForward Com

YesNo0.290.8820.59222.8622.8624.91.299CalculatedProject Wall 

YesNo0.290.8820.59222.8622.8624.91.236CalculatedProject Wall 

YesNo0.290.8820.59222.8622.8624.95.005CalculatedProject Wall 

YesNo0.290.8820.5622.8622.8624.91.517CalculatedStage 0

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/A52.3771846.211Circle1.11.388YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.13.317YesForward Co

N/AN/A58.47519016.833Circle1.11.299YesProject Wall 

N/AN/A55.73618916.958Circle1.11.236YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.15.005YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.517YesStage 0

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

723.4670300.2170.77638.51Extreme IAASHTO LRFN/AN/AN/A

-1187.1902054.6260.77638.51Extreme IAASHTO LRFN/AxR (0.5 to 23)xL (-35 to -1)

763.443000.59220.97Extreme IAASHTO LRFN/AN/AN/A

542.487086.0820.59237.37Extreme IAASHTO LRFN/AN/AN/A

-362.43501494.9090.59237.21Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-45 to -5)

N/AN/AN/A0.5636.4Service IAASHTO LRFN/AxR (0.1 to 20)xL (-45 to -5)

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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γtot = Total unit weight below water table
γdry = Bulk unit weight above water table

5/22

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

9.691.615660151350150: N1N4

19.33.217160151400150: N1N3

22.863.809760151450150: N1N2

21.843.640660151500150: N1N1

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

135808

135707

134.3606

134505

134454

13303

15202

177-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

18N/A035120120ESU 1B

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data
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c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A143.99

0.431ESU 1B146.96

0.471ESU 1A150

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Stage 0
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -45ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Circ
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 148ft
Radii search ends at point x= 0ft, z= 128ft
10 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Circ-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 134ft
Radii search ends at point x= 0ft, z= 114ft
10 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -35ft, xLmax= -1ft
Right search limits: xRmin= 0.5ft, xRmax= 23ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Circ
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.23g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = 2 ft, Right = 20 ft, Horizontal intervals = 6
Top = 152 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 141ft
Radii search ends at point x= 0ft, z= 126ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Bishop
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A133152YesProject Wall Height-Ci

6N/A133152YesForward Compatible 

6N/A143152YesProject Wall Height-Ci

6N/A143152YesProject Wall Height-Ci

6N/A143152YesProject Wall Height-A

6N/A133152YesStage 0

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Bishop

7560.7960151350150: N1N4

7560.7960151400150: N1N3

7560.7960151450150: N1N2

7560.7960151500150: N1N1

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616135N4

N/AN/AN/A13616140N3

N/AN/AN/A13616145N2

N/AN/AN/A13616150N1

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

15/22

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Bishop

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -3.542 z= 163.107 FS= 5.005

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.2136.881: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3228.0615.530: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 16.958 z= 189 FS= 1.236

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.376.911: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3232.8100: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= 16.833 z= 190 FS= 1.299

------------------Not ac3: N4

------------------Not ac2: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3220.9701: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.327.5700: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -7.456 z= 164.33 FS= 3.317

STRN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5138.513: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.722.22: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3231.147.921: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3231.0600: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 6.211 z= 184 FS= 1.388

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.4626.363: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5102: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66046.0753.3237.3901: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in26.66036.7653.3221.8800: N1

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Perm Static, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 5:07:27 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Perm Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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YesNo0.2670.5580.43230.8821.7730.72.227CalculatedExc. 152 ft

YesNo0.2160.4520.35125.0417.6524.893.024CalculatedExc. 157 ft

YesNo0.1510.3160.24817.4712.3117.473.455CalculatedExc. 162  ft

YesNo0.0950.1990.16911.027.7611.024.572CalculatedExc. 167 ft

YesNo0.0380.080.0684.453.144.457.308CalculatedExc. 172 ft

YesNo0000002.096CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage

3/31

Quick analysis summary for design section: M-P
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YesNo0.3970.8290.64345.9132.3645.641.57CalculatedForward Com

YesNo0.3610.7550.58541.7829.4541.531.807CalculatedExc. 142 ft

YesNo0.3140.6570.50936.3725.6336.152.729CalculatedProject Wall 

YesNo0.3140.6570.50936.3725.6336.151.902CalculatedProject Wall 

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.57YesForward Co

N/AN/AN/AAutoAutoAutomatic1.51.807YesExc. 142 ft

N/AN/AN/AAutoAutoAutomatic1.52.729YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.902YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.227YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.53.024YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.53.455YesExc. 162  ft

N/AN/AN/AAutoAutoAutomatic1.54.572YesExc. 167 ft

N/AN/AN/AAutoAutoAutomatic1.57.308YesExc. 172 ft

N/AN/A47.179207.134.575Circle1.52.096YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.64360.54Strength IaAASHTO LRFN/AxR (0.1 to 25)xL (-55 to -6)

N/AN/AN/A0.58560.66Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.5090Strength IaAASHTO LRFN/AxR (30 to 80)xL (-80 to -58

N/AN/AN/A0.50960.75Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.43260.77Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.35160.56Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.24860.54Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.16959.7Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.06852.52Strength IaAASHTO LRFN/AxR (0 to 20)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces
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13.682.735550201400150: N1N7

22.664.532350251450150: N1N6

30.126.024950251500150: N1N5

32.096.418550251550150: N1N4

32.326.464850251600150: N1N3

32.366.472150251650150: N1N2

29.535.905150251700150: N1N1

28.625.723550251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

137508

138107

13806

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A160

0.321ESU 4C177

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)

F-129



7/31

Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 175ft
Radii search ends at point x= 0ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 172 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 167 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162  ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -58ft
Right search limits: xRmin= 30ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 142 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A136177YesForward Compatible 

6N/A142177YesExc. 142 ft

6N/A147177YesProject Wall Height-G

6N/A147177YesProject Wall Height

6N/A152177YesExc. 152 ft

6N/A157177YesExc. 157 ft

6N/A162177YesExc. 162  ft

6N/A167177YesExc. 167 ft

6N/A172177YesExc. 172 ft

6N/A136177NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

F-140



18/31

7561.2750201400150: N1N7

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data

N/AN/AN/A1362.258140N7

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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------------------Not ac3: N3

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9254.82: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5447.061: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.130.310: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

19/31

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 34.575 z= 207.1 FS= 2.096

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -1.289 z= 190.1 FS= 7.308

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 0.917 z= 190.1 FS= 4.572

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.759.341: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7251.0738.140: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -3.309 z= 190.306 FS= 3.455
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N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72002: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72001: N1

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.72000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

20/31

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -4.011 z= 190.774 FS= 3.024

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5653.583: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.9650.642: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.7331.421: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5712.280: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -5.285 z= 191.623 FS= 2.227

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.7760.384: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.6342.813: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.4626.112: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.869.631: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.9200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -6.499 z= 192.1 FS= 1.902

------------------Not ac7: N7

------------------Not ac6: N6

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.7554.115: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.550.224: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.0132.963: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.7218.192: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.353.421: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.8600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 7
  Soil nail results available for this stage.

 Critical point at x= 2.887 z= 190.1 FS= 2.729
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------------------Not ac7: N7

------------------Not ac6: N6

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72005: N5

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72004: N4

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72003: N3

Soil nail results Stage: 8
  Soil nail results available for this stage.

 Critical point at x= -5.038 z= 191.459 FS= 1.807

------------------Not ac7: N7

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6652.466: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6452.635: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3436.334: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.9822.783: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.189.872: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.6701: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.7100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 9
  Soil nail results available for this stage.

 Critical point at x= -7.689 z= 192.1 FS= 1.57

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86064.6985.7252.6351.127: N7

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5455.176: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9440.675: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.7626.184: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.2713.113: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.370.042: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.4801: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Perm Static, Spencer) - Copy.SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 5:15:26 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Perm Static,
Spencer)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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YesNo0.2670.5580.43230.8821.7730.72.291CalculatedExc. 152 ft

YesNo0.2160.4520.35125.0417.6524.893.029CalculatedExc. 157 ft

YesNo0.1510.3160.24817.4712.3117.473.534CalculatedExc. 162  ft

YesNo0.0950.1990.16911.027.7611.024.516CalculatedExc. 167 ft

YesNo0.0380.080.0684.453.144.4516.087CalculatedExc. 172 ft

YesNo0000002.097CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage

3/31

Quick analysis summary for design section: Spencer
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YesNo0.3970.8290.64345.9132.3645.641.908CalculatedForward Com

YesNo0.3610.7550.58541.7829.4541.531.914CalculatedExc. 142 ft

YesNo0.3140.6570.50936.3725.6336.152.724CalculatedProject Wall 

YesNo0.3140.6570.50936.3725.6336.151.996CalculatedProject Wall 

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.908YesForward Co

N/AN/AN/AAutoAutoAutomatic1.51.914YesExc. 142 ft

N/AN/AN/AAutoAutoAutomatic1.52.724YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.996YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.291YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.53.029YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.53.534YesExc. 162  ft

N/AN/AN/AAutoAutoAutomatic1.54.516YesExc. 167 ft

N/AN/AN/AAutoAutoAutomatic1.516.087YesExc. 172 ft

N/AN/A47.179207.134.575Circle1.52.097YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.64360.54Strength IaAASHTO LRFN/AxR (0.1 to 25)xL (-55 to -6)

N/AN/AN/A0.58560.66Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.5090.48Strength IaAASHTO LRFN/AxR (30 to 80)xL (-80 to -58

N/AN/AN/A0.50960.5Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.43260.66Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.35160.56Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.24860.54Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.16959.53Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.06852.52Strength IaAASHTO LRFN/AxR (0 to 20)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces
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13.682.735550201400150: N1N7

22.664.532350251450150: N1N6

30.126.024950251500150: N1N5

32.096.418550251550150: N1N4

32.326.464850251600150: N1N3

32.366.472150251650150: N1N2

29.535.905150251700150: N1N1

28.625.723550251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

137508

138107

13806

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A160

0.321ESU 4C177

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 175ft
Radii search ends at point x= 0ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 172 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 167 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162  ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -58ft
Right search limits: xRmin= 30ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 142 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 25ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A136177YesForward Compatible 

6N/A142177YesExc. 142 ft

6N/A147177YesProject Wall Height-G

6N/A147177YesProject Wall Height

6N/A152177YesExc. 152 ft

6N/A157177YesExc. 157 ft

6N/A162177YesExc. 162  ft

6N/A167177YesExc. 167 ft

6N/A172177YesExc. 172 ft

6N/A136177NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer
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7561.2750201400150: N1N7

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data

N/AN/AN/A1362.258140N7

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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------------------Not ac3: N3

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9256.382: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5445.251: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.129.640: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

19/31

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 34.575 z= 207.1 FS= 2.097

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -0.18 z= 190.1 FS= 16.087

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 1.944 z= 190.1 FS= 4.516

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.5358.631: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7251.0739.20: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= 2.59 z= 190.1 FS= 3.534
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N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72002: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72001: N1

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.72000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

20/31

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -4.011 z= 190.774 FS= 3.029

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5653.583: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.9650.642: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.7331.421: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5712.280: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -4.18 z= 190.887 FS= 2.291

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6659.314: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.6339.323: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.4621.892: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.864.461: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.9200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -3.22 z= 190.247 FS= 1.996

------------------Not ac7: N7

------------------Not ac6: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.0159.025: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.540.544: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.0124.093: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.727.642: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3501: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.8600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 7
  Soil nail results available for this stage.

 Critical point at x= 3.017 z= 190.1 FS= 2.724
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------------------Not ac7: N7

------------------Not ac6: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.720.4805: N5

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72004: N4

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72003: N3

Soil nail results Stage: 8
  Soil nail results available for this stage.

 Critical point at x= -6.957 z= 192.1 FS= 1.914

------------------Not ac7: N7

FACEN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6651.566: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6450.955: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3432.184: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.9816.343: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.181.12: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.6701: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.7100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 9
  Soil nail results available for this stage.

 Critical point at x= 1.694 z= 190.1 FS= 1.908

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86064.6985.7252.58357: N7

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5436.236: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9421.595: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.7610.724: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.2703: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3702: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.4801: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Temp Static, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 11:52:53 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Temp Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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YesNo0.2160.4520.35125.0417.6524.891.831CalculatedExc. 152 ft

YesNo0.1510.3160.24817.4712.3117.472.437CalculatedExc. 157 ft

YesNo0.0950.1990.16911.027.7611.022.896CalculatedExc. 162 ft

YesNo0.0380.080.0684.453.144.452.452CalculatedExc. 167 ft

YesNo0000001.229CalculatedExc. 172 ft

YesNo0000002.096CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage

3/29

Quick analysis summary for design section: M-P
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YesNo0.350.7320.56740.5428.5740.291.57CalculatedForward Com

YesNo0.3140.6570.50936.3725.6336.151.55CalculatedExc. 142 ft

YesNo0.2670.5580.43230.8821.7730.71.629CalculatedProject Wall 

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.57YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.55YesExc. 142 ft

N/AN/AN/AAutoAutoAutomatic1.21.629YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.831YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.22.437YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.22.896YesExc. 162 ft

N/AN/AN/AAutoAutoAutomatic1.22.452YesExc. 167 ft

N/AN/AN/AAutoAutoAutomatic1.21.229YesExc. 172 ft

N/AN/A47.179207.134.575Circle1.22.096YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.56760.58Strength IaAASHTO LRFN/AxR (0 to 20)xL (-55 to -6)

N/AN/AN/A0.50960.64Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.43260.5Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.35159.63Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.24859.73Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.16960.54Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.06851.07Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AxR (0 to 20)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code

ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces
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0050201400150: N1N7

12.32.459350251450150: N1N6

22.84.560450251500150: N1N5

27.85.5650251550150: N1N4

28.545.707150251600150: N1N3

28.575.714350251650150: N1N2

26.035.205650251700150: N1N1

25.125.02450251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

137508

138107

13806

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point

22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A160

0.321ESU 4C177

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 175ft
Radii search ends at point x= 0ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 172 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 167 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 142 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0ft to 20ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A143177YesForward Compatible 

6N/A147177YesExc. 142 ft

6N/A152177YesProject Wall Height

6N/A157177YesExc. 152 ft

6N/A162177YesExc. 157 ft

6N/A167177YesExc. 162 ft

6N/A172177YesExc. 167 ft

6N/A172177NoExc. 172 ft

6N/A136177NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P
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7561.2750201400150: N1N7

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data

N/AN/AN/A1362.258140N7

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5448.241: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.135.670: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

18/29

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 34.575 z= 207.1 FS= 2.096

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -1.511 z= 190.1 FS= 1.229

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 0.249 z= 190.1 FS= 2.452

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7251.0738.10: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -4 z= 190.767 FS= 2.896
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GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.1812.242: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.6701: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.7100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -4.042 z= 190.794 FS= 2.437

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.9650.642: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.7331.421: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5712.280: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -5.265 z= 191.61 FS= 1.831

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.6344.993: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.4628.322: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.8611.941: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.9200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -6.122 z= 192.1 FS= 1.629

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.547.044: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.0129.973: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.7215.322: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.350.671: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.8600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 7
  Soil nail results available for this stage.

 Critical point at x= -6.949 z= 192.1 FS= 1.55
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------------------Not ac7: N7

------------------Not ac6: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6453.745: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3439.544: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.9825.753: N3

Soil nail results Stage: 8
  Soil nail results available for this stage.

 Critical point at x= -6.522 z= 192.1 FS= 1.57

------------------Not ac7: N7

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.6359.636: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5846.165: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.5934.844: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.824.763: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5516.162: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.969.031: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.524.170: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Temp Static, Spencer) - Copy.SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 5:33:02 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Temp Static,
Spencer)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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YesNo0.2160.4520.35125.0417.6524.891.908CalculatedExc. 152 ft

YesNo0.1510.3160.24817.4712.3117.472.437CalculatedExc. 157 ft

YesNo0.0950.1990.16911.027.7611.022.57CalculatedExc. 162 ft

YesNo0.0380.080.0684.453.144.452.468CalculatedExc. 167 ft

YesNo0000001.252CalculatedExc. 172 ft

YesNo0000002.097CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage

3/29

Quick analysis summary for design section: Spencer
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YesNo0.350.7320.56740.5428.5740.291.587CalculatedForward Com

YesNo0.3140.6570.50936.3725.6336.151.982CalculatedExc. 142 ft

YesNo0.2670.5580.43230.8821.7730.71.704CalculatedProject Wall 

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.587YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.982YesExc. 142 ft

N/AN/AN/AAutoAutoAutomatic1.21.704YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.908YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.22.437YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.22.57YesExc. 162 ft

N/AN/AN/AAutoAutoAutomatic1.22.468YesExc. 167 ft

N/AN/AN/AAutoAutoAutomatic1.21.252YesExc. 172 ft

N/AN/A47.179207.134.575Circle1.22.097YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.56760.14Strength IaAASHTO LRFN/AxR (0.2 to 15)xL (-55 to -6)

N/AN/AN/A0.50960.64Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.43260.5Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.35159.63Strength IaAASHTO LRFN/AxR (0.1 to 10)xL (-55 to -6)

N/AN/AN/A0.24859.73Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.16960.54Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A0.06851.07Strength IaAASHTO LRFN/AxR (0 to 10)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AxR (0 to 20)xL (-55 to -6)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

0050201400150: N1N7

12.32.459350251450150: N1N6

22.84.560450251500150: N1N5

27.85.5650251550150: N1N4

28.545.707150251600150: N1N3

28.575.714350251650150: N1N2

26.035.205650251700150: N1N1

25.125.02450251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

137508

138107

13806

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A160

0.321ESU 4C177

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 175ft
Radii search ends at point x= 0ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 172 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 167 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 142 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 10ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.2ft to 15ftRight limits

-55ft to -6ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.2ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A143177YesForward Compatible 

6N/A147177YesExc. 142 ft

6N/A152177YesProject Wall Height

6N/A157177YesExc. 152 ft

6N/A162177YesExc. 157 ft

6N/A167177YesExc. 162 ft

6N/A172177YesExc. 167 ft

6N/A172177NoExc. 172 ft

6N/A136177NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer
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7561.2750201400150: N1N7

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data

N/AN/AN/A1362.258140N7

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5446.351: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.135.910: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

18/29

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 34.575 z= 207.1 FS= 2.097

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -1.535 z= 190.1 FS= 1.252

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 2.449 z= 190.1 FS= 2.468

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7251.0738.570: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= 4.062 z= 190.1 FS= 2.57
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GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.187.532: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.670.321: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.7100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -4.042 z= 190.794 FS= 2.437

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

------------------Not ac3: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.9650.642: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.7331.421: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5712.280: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -3.893 z= 190.695 FS= 1.908

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

------------------Not ac4: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.6344.033: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.4627.392: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.8610.751: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.9200: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -4.724 z= 191.249 FS= 1.704

------------------Not ac7: N7

------------------Not ac6: N6

------------------Not ac5: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.547.544: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.0129.763: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.7214.722: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3501: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.8600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 7
  Soil nail results available for this stage.

 Critical point at x= -3.785 z= 190.624 FS= 1.982
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------------------Not ac7: N7

------------------Not ac6: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6447.015: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3431.234: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.9819.333: N3

Soil nail results Stage: 8
  Soil nail results available for this stage.

 Critical point at x= -2.5 z= 190.1 FS= 1.587

------------------Not ac7: N7

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.144.356: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.1427.755: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7253.3313.884: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.5203: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.8402: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.1201: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5800: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Seismic, M-P) .SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 5:39:04 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Seismic, M-P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)

3/18

Quick analysis summary for design section: M-P

YesNo0.3870.7290.72444.8131.5844.541.447CalculatedForward Com

YesNo0.3530.6640.65940.8228.7740.581.92CalculatedProject Wall 

YesNo0.3530.6640.65940.8228.7740.581.609CalculatedProject Wall 

N/AN/AN/AN/AN/AN/AN/AN/AN/ANot convergStage 0

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.11.447YesForward Co

N/AN/AN/AAutoAutoAutomatic1.11.92YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.11.609YesProject Wall 

--------NoStage 0

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.72459.94Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-58 to -6)

N/AN/AN/A0.6590Extreme IAASHTO LRFN/AxR (30 to 80)xL (-80 to -58

N/AN/AN/A0.65960.8Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-58 to -6)

----------

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 20ftRight limits

-58ft to -6ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

12.042.407150201400150: N1Nail 1

20.074.013350251450150: N1N6

26.825.363250251500150: N1N5

29.265.852250251550150: N1N4

30.456.089650251600150: N1N3

31.586.315850251650150: N1N2

30.056.009150251700150: N1N1

30.746.148250251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

136708

1380.17

14106

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A160

0.321ESU 4C177

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)

F-249



7/18

Slope stability assumptions: Stage 0
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 20ftRight limits

-58ft to -6ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.5ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 20ftRight limits

-58ft to -6ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -58ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 20ftRight limits

-58ft to -6ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -58ft
Right search limits: xRmin= 30ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage

F-252



10/18

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 20ftRight limits

-58ft to -6ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -58ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A136177YesForward Compatible 

6N/A143177YesProject Wall Height-G

6N/A143177YesProject Wall Height

6N/A136177YesStage 0

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7561.2750201400150: N1Nail 1

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A1362.258140Nail 1

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion

13/18

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -5.453 z= 191.735 FS= 1.609

------------------Not ac7: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.860.426: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6438.95: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3419.144: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.353.323: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.7902: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.0801: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.7100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -5.453 z= 191.735 FS= 1.92

------------------Not ac7: Nail 1

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72006: N6

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72005: N5

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72004: N4

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72003: N3

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72002: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72001: N1

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.72000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -6.759 z= 192.1 FS= 1.447

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86064.6985.7252.2747.347: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.942.456: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9425.235: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.1111.254: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.9603: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.1402: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.3201: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\3+80\New Stratigraphy\CS Sta
3+80 (Seismic, Bishop).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/1/2021 6:30:51 PM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 3+80 (Seismic, Bishop)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: Bishop

YesNo0.3790.7140.70943.930.9443.631.512CalculatedForward Com

YesNo0.3790.7140.70943.930.9443.632.537CalculatedForward Com

YesNo0.3440.6470.64339.8128.0639.573.46CalculatedProject Wall 

YesNo0.3440.6470.64339.8128.0639.571.754CalculatedProject Wall 

YesNo0.3440.6470.64339.8128.0639.571.422CalculatedProject Wall 

YesNo0.2740.5730.44431.6922.3431.52.736CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/A67.79820210.333Circle1.11.512YesForward Co

N/AN/AN/AAutoAutoAutomatic1.12.537YesForward Co

N/AN/AN/AAutoAutoAutomatic1.13.46YesProject Wall 

N/AN/A80.69120320.667Circle1.11.754YesProject Wall 

N/AN/A63.027197.73515.214Circle1.11.422YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.736YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

1815.5010966.5460.70960.2Extreme IAASHTO LRFN/AN/AN/A

-4658.4304879.0740.70959.94Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-58 to -6)

-3279.59405999.3190.64360.64Extreme IAASHTO LRFN/AxR (0.1 to 20)xL (-58 to -6)

3955.078000.64329.66Extreme IAASHTO LRFN/AN/AN/A

1344.6630909.5170.64360.68Extreme IAASHTO LRFN/AN/AN/A

N/AN/AN/A0.44460.73Extreme IAASHTO LRFN/AxR (0.5 to 15)xL (-55 to -6)

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

11.82.360750201400150: N1Nail 1

19.683.935850251450150: N1N6

26.35.259350251500150: N1N5

28.695.737450251550150: N1N4

29.845.968150251600150: N1N3

30.946.187650251650150: N1N2

29.425.884950251700150: N1N1

30.096.018450251750150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

136809

136708

1380.17

14106

17705

177-34

179-63

179-582

193-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A043135135ESU 4C

15N/A032110110ESU 1A

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A171

0.471ESU 1A179

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -55ft, xLmax= -6ft
Right search limits: xRmin= 0.5ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Circ
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 143ft
Radii search ends at point x= 0ft, z= 127ft
10 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 125ft
Radii search ends at point x= 0ft, z= 110ft
10 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -58ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -58ft, xLmax= -6ft
Right search limits: xRmin= 0.1ft, xRmax= 20ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible-Circ
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

CircularSurface search

Mononobe-OkabeSeismic pressures

ax= 0.2g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 138ft
Radii search ends at point x= 0ft, z= 123ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Bishop
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A136177YesForward Compatible-

6N/A136177YesForward Compatible 

6N/A143177YesProject Wall Height-A

6N/A143177YesProject Wall Height-G

6N/A143177YesProject Wall Height-Ci

6N/A136177YesExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Bishop

7561.2750201400150: N1Nail 1

7561.2750251450150: N1N6

7561.2750251500150: N1N5

7561.2750251550150: N1N4

7561.2750251600150: N1N3

7561.2750251650150: N1N2

7561.2750251700150: N1N1

7561.2750251750150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName
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Header plate data

N/AN/AN/A1362.258140Nail 1

N/AN/AN/A1362.258145N6

N/AN/AN/A1362.258150N5

N/AN/AN/A1362.258155N4

N/AN/AN/A1362.258160N3

N/AN/AN/A1362.258165N2

N/AN/AN/A1362.258170N1

N/AN/AN/A1362.258175N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.965.073: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.1402: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.3201: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.5600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Bishop

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= 15.214 z= 197.735 FS= 1.422

------------------Not ac7: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6836.816: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.5816.945: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.1504: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7248.3803: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7241.3302: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7235.3601: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7229.7700: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= 20.667 z= 203 FS= 1.754

------------------Not ac7: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7229.6606: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7219.5205: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7210.2704: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.721.9903: N3

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72002: N2

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.72001: N1

N/AN/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.72000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -5.37 z= 191.68 FS= 3.46

------------------Not ac7: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.1153.686: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.6441.125: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.3430.394: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7255.3521.013: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7256.7912.312: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7258.087.161: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7252.712.010: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -6.498 z= 192.1 FS= 2.537
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GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86064.6985.7252.2740.587: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.941.946: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7259.9429.185: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7254.1116.434: N4

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 10.333 z= 202 FS= 1.512

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86064.6985.7252.6231.337: Nail 1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7260.221.656: N6

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7257.310.425: N5

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7248.6304: N4

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7241.4303: N3

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7235.4402: N2

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86080.8685.7229.8601: N1

GEON/AN/A0.20.13N/AN/AN/AN/ANot inNot inNot inNot in42.86065.1485.7226.3100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
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Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Perm Static, M-
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program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com
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Quick analysis summary for design section: M-P

YesNo0.3941.0430.79435.327.0335.31.515CalculatedForward Com

YesNo0.3180.840.6428.4321.7728.432.742CalculatedProject Wall 

YesNo0.3180.840.6428.4321.7728.431.806CalculatedProject Wall 

YesNo0.2430.6430.4921.7816.6821.782.118CalculatedExc. 152 ft

YesNo0.1460.3870.29513.1110.0413.112.584CalculatedExc. 157 ft

YesNo0.0620.1640.1255.564.265.563.345CalculatedExc. 162 ft

YesNo0000001.528CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.515YesForward Co

N/AN/AN/AAutoAutoAutomatic1.52.742YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.806YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.118YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.52.584YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.53.345YesExc. 162 ft

N/AN/A49.703200.79657.348Circle1.51.528YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.79444.44Strength IaAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

N/AN/AN/A0.640Strength IaAASHTO LRFN/AxR (20 to 80)xL (-80 to -45

N/AN/AN/A0.6444.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.4944.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.29544.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.12543.95Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

15.892.648360151450150: N1Nail 1

25.864.309860201500150: N1N3

27.034.504760201550150: N1N2

26.694.448260201600150: N1N1

23.553.925860201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A139

0.321ESU 4C149

0.471ESU 1A170

0.431ESU 1B175

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 20ft, z= 168ft
Radii search ends at point x= 20ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -45ft
Right search limits: xRmin= 20ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

8Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 8 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A142167YesForward Compatible 

6N/A147167YesProject Wall Height-G

6N/A147167YesProject Wall Height

6N/A152167YesExc. 152 ft

6N/A157167YesExc. 157 ft

6N/A162167YesExc. 162 ft

6N/A142167NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4429.492: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4413.611: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9500: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

16/24

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 57.348 z= 200.796 FS= 1.528

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -2.834 z= 177.916 FS= 3.345

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9538.340: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -4.077 z= 178.333 FS= 2.584

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4433.981: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9513.70: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -3.868 z= 178.263 FS= 2.118

------------------Not ac4: Nail 1

------------------Not ac3: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4438.32: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4418.431: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.951.610: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -3.29 z= 178.069 FS= 1.806
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------------------Not ac4: Nail 1

STRN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4444.443: N3

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 15.123 z= 177 FS= 2.742

------------------Not ac4: Nail 1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32003: N3

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32002: N2

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32001: N1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -4.547 z= 178.49 FS= 1.515

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.6633.694: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4433.883: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3241.2518.292: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.225.781: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4400: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\5+20\New Stratigraphy\CS Sta
5+20 (Perm Static, Spencer).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 8:37:35 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Perm Static,
Spencer)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Quick analysis summary for design section: Spencer

YesNo0.3941.0430.79435.327.0335.31.573CalculatedForward Com

YesNo0.3180.840.6428.4321.7728.432.667CalculatedProject Wall 

YesNo0.3180.840.6428.4321.7728.431.821CalculatedProject Wall 

YesNo0.2430.6430.4921.7816.6821.782.16CalculatedExc. 152 ft

YesNo0.1460.3870.29513.1110.0413.112.65CalculatedExc. 157 ft

YesNo0.0620.1640.1255.564.265.564.126CalculatedExc. 162 ft

YesNo0000001.526CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.51.573YesForward Co

N/AN/AN/AAutoAutoAutomatic1.52.667YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.51.821YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.52.16YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.52.65YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.54.126YesExc. 162 ft

N/AN/A49.703200.79657.348Circle1.51.526YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.79444.44Strength IaAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

N/AN/AN/A0.640Strength IaAASHTO LRFN/AxR (30 to 80)xL (-80 to -45

N/AN/AN/A0.6444.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.4944.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.29544.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.12543.95Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

15.892.648360151450150: N1Nail 1

25.864.309860201500150: N1N3

27.034.504760201550150: N1N2

26.694.448160201600150: N1N1

23.553.925860201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A139

0.321ESU 4C149

0.471ESU 1A170

0.431ESU 1B175

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 20ft, z= 168ft
Radii search ends at point x= 20ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -45ft
Right search limits: xRmin= 30ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage

F-319



13/24

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.5Min required FS

Permanent structure long termStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A142167YesForward Compatible 

6N/A147167YesProject Wall Height-G

6N/A147167YesProject Wall Height

6N/A152167YesExc. 152 ft

6N/A157167YesExc. 157 ft

6N/A162167YesExc. 162 ft

6N/A142167NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4428.512: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4413.041: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9500: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

16/24

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 57.348 z= 200.796 FS= 1.526

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -0.003 z= 177 FS= 4.126

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9538.530: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -1.641 z= 177.517 FS= 2.65

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4433.461: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9513.780: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= 1.884 z= 177 FS= 2.16

------------------Not ac4: Nail 1

------------------Not ac3: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4436.072: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4416.471: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.950.650: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= 0.993 z= 177 FS= 1.821
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------------------Not ac4: Nail 1

STRN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4444.443: N3

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= 0.532 z= 177 FS= 2.667

------------------Not ac4: Nail 1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32003: N3

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32002: N2

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32001: N1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 6
  Soil nail results available for this stage.

 Critical point at x= -0.918 z= 177.274 FS= 1.573

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.8132.954: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4432.863: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3241.2916.62: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3242.783.011: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.2300: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\5+20\New Stratigraphy\CS Sta
5+20 (Temp Static, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 8:39:15 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Temp Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: M-P

YesNo0.2190.580.44119.6215.0219.621.311CalculatedForward Com

YesNo0.1760.4650.35415.7412.0615.741.524CalculatedProject Wall 

YesNo0.1060.280.2139.467.259.461.737CalculatedExc. 152 ft

YesNo0.0440.1160.0893.933.013.931.891CalculatedExc. 157 ft

YesNo0000003.214CalculatedExc. 162 ft

YesNo0000001.528CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.311YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.524YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.737YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.21.891YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.23.214YesExc. 162 ft

N/AN/A49.703200.79657.348Circle1.21.528YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.44144.44Service IAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

N/AN/AN/A0.35444.44Service IAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.21344.44Service IAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.08943.95Service IAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AxR (0.1 to 25)xL (-60 to -5)

N/AN/AN/A--Service IAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1Permanent anchors

1Temporary anchors

1Permanent loads

1Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Service ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

0060151450150: N1Nail 1

7.891.315160201500150: N1N3

14.82.466260201550150: N1N2

15.022.503560201600150: N1N1

13.252.208960201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point

F-336



6/22

22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A139

0.321ESU 4C149

0.471ESU 1A170

0.431ESU 1B175

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 20ft, z= 168ft
Radii search ends at point x= 20ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

Morgenstern-PriceMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A148167YesForward Compatible 

6N/A152167YesProject Wall Height

6N/A157167YesExc. 152 ft

6N/A162167YesExc. 157 ft

6N/A162167NoExc. 162 ft

6N/A142167NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4429.932: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4413.861: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9500: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

15/22

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 57.348 z= 200.796 FS= 1.528

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -1.285 z= 177.397 FS= 3.214

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -3.672 z= 178.197 FS= 1.891

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9528.880: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -4.537 z= 178.487 FS= 1.737

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4427.191: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9511.350: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= -3.005 z= 177.974 FS= 1.524
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------------------Not ac4: Nail 1

------------------Not ac3: N3

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -5.882 z= 178.938 FS= 1.311

------------------Not ac4: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4437.743: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3241.2923.752: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3242.7811.741: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.2300: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\5+20\New Stratigraphy\CS Sta
5+20 (Temp Static, Spencer).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 8:40:39 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Perm Static, M-
P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: Spencer

YesNo0.3020.7980.60827.0120.6827.011.362CalculatedForward Com

YesNo0.2430.6430.4921.7816.6821.781.547CalculatedProject Wall 

YesNo0.1460.3870.29513.1110.0413.111.822CalculatedExc. 152 ft

YesNo0.0620.1640.1255.564.265.561.967CalculatedExc. 157 ft

YesNo0000003.116CalculatedExc. 162 ft

YesNo0000001.526CalculatedExisting

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.21.362YesForward Co

N/AN/AN/AAutoAutoAutomatic1.21.547YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.21.822YesExc. 152 ft

N/AN/AN/AAutoAutoAutomatic1.21.967YesExc. 157 ft

N/AN/AN/AAutoAutoAutomatic1.23.116YesExc. 162 ft

N/AN/A49.703200.79657.348Circle1.21.526YesExisting

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.60844.44Strength IaAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

N/AN/AN/A0.4944.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.29544.44Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A0.12543.95Strength IaAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AxR (0.1 to 25)xL (-60 to -5)

N/AN/AN/A--Strength IaAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1.33Earth favorable

1.35, F_kA= 1.5Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

1.75Variable loads

0Seismic multiplier

1Slope Fres

Safety FactorParameter

Strength IaCase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

0060151450150: N1Nail 1

11.011.835360201500150: N1N3

20.463.409760201550150: N1N2

20.683.447160201600150: N1N1

18.153.024860201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A139

0.321ESU 4C149

0.471ESU 1A170

0.431ESU 1B175

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Existing
Table: Basic analysis assumptions last stage

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 20ft, z= 168ft
Radii search ends at point x= 20ft, z= 155ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 162 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 157 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Exc. 152 ft
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage

F-363



11/22

0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.33Φ.b on bearing

0.8Φ.ht on bolts

0.9Φ.fp facing punching

0.9Φ.ff facing bending

0.65Φ.p nail pullout

0.75Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Available shearNail methods

SpencerMethod

1.2Min required FS

Short term 48hrs non-criticalStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Spencer
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A148167YesForward Compatible 

6N/A152167YesProject Wall Height

6N/A157167YesExc. 152 ft

6N/A162167YesExc. 157 ft

6N/A162167NoExc. 162 ft

6N/A142167NoExisting

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Spencer

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4429.082: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4413.271: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.950.010: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

15/22

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Spencer

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 57.348 z= 200.796 FS= 1.526

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -1.285 z= 177.397 FS= 3.116

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

------------------Not ac0: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -0.425 z= 177.109 FS= 1.967

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

------------------Not ac1: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9529.10: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -0.387 z= 177.096 FS= 1.822

------------------Not ac4: Nail 1

------------------Not ac3: N3

------------------Not ac2: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4421.231: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3243.9540: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= 0.712 z= 177 FS= 1.547
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------------------Not ac4: Nail 1

------------------Not ac3: N3

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -6.16 z= 179.031 FS= 1.362

------------------Not ac4: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.4438.963: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3241.2924.542: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3242.7812.271: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3244.2300: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\5+20\New Stratigraphy\CS Sta
5+20 (Seismic, M-P).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 8:43:42 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Seismic, M-P)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).

3/16

Quick analysis summary for design section: M-P

YesNo0.3910.9310.9135.0326.8335.031.293CalculatedForward Com

YesNo0.3260.7770.75929.2222.3829.221.964CalculatedProject Wall 

YesNo0.3260.7770.75929.2222.3829.221.41CalculatedProject Wall 

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.11.293YesForward Co

N/AN/AN/AAutoAutoAutomatic1.11.964YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.11.41YesProject Wall 

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

N/AN/AN/A0.9138.51Extreme IAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

N/AN/AN/A0.7590Extreme IAASHTO LRFN/AxR (30 to 80)xL (-80 to -45

N/AN/AN/A0.75938.51Extreme IAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

13.772.294960151450150: N1Nail 1

233.833960201500150: N1N3

25.434.238460201550150: N1N2

26.834.47160201600150: N1N1

25.294.214460201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point

F-380



6/16

22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A139

0.321ESU 4C149

0.471ESU 1A170

0.431ESU 1B175

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Project Wall Height
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -45ft
Right search limits: xRmin= 30ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

0MP initial Lamda.0

1MP interslice factor v

1MP interslice factor m

1Initial FS0

10%Force Tolerance

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

Available shearNail methods

Morgenstern-PriceMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section M-P
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A142167YesForward Compatible 

6N/A148167YesProject Wall Height-G

6N/A148167YesProject Wall Height

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section M-P

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)

12/16

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: M-P

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= -5.192 z= 178.707 FS= 1.41

------------------Not ac4: Nail 1

STRN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5138.513: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5128.592: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.518.571: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= -5.192 z= 178.707 FS= 1.964

------------------Not ac4: Nail 1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32003: N3

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32002: N2

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32001: N1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -5.75 z= 178.894 FS= 1.293

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.8128.934: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5127.753: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5113.62: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.511.781: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF
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t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
File: C:\Users\Anthony.Pusic\OneDrive - Wood PLC\Projects\I 405\Walls\9.05R-B\Snail Files\5+20\New Stratigraphy\CS Sta
5+20 (Seismic, Bishop).SNLP

Company: Wood
Prepared by engineer: AP
File number: 1
Time: 12/2/2021 8:48:59 AM

Project: WSDOT I-405 R2B - Wall 9.05R-B, CS Sta 5+20 (Seismic, Bishop)

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LLC, Astoria,

New York, www.deepexcavation.com

SnailPlus 2021: Report Output
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Fmax Nails = Maximum axial nail force in analysis.

3/22

Quick analysis summary for design section: Bishop

YesNo0.3910.9310.9135.0326.8335.033.096CalculatedForward Com

YesNo0.3910.9310.9135.0326.8335.031.418CalculatedForward Com

YesNo0.3260.7770.75929.2222.3829.226.264CalculatedProject Wall 

YesNo0.3260.7770.75929.2222.3829.223.19CalculatedProject Wall 

YesNo0.3260.7770.75929.2222.3829.221.556CalculatedProject Wall 

YesNo0.3260.7770.75929.2222.3829.221.371CalculatedProject Wall 

Reinf.Reinf.FacingPlatesNails(k)Head (k)(k)SlopeStatusSection

Min.Max.STR ChecSTR CheckSTR CheckFmax.MobFmax.NailsFmax.NailsFSCalculationStage
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Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.

Table: Analysis summary for all stages, Part 1

N/AN/AN/AAutoAutoAutomatic1.13.096YesForward Co

N/AN/A57.06419710.917Circle1.11.418YesForward Co

N/AN/AN/AAutoAutoAutomatic1.16.264YesProject Wall 

N/AN/AN/AAutoAutoAutomatic1.13.19YesProject Wall 

N/AN/A63.69519618.333Circle1.11.556YesProject Wall 

N/AN/A49.051187.50112.089Circle1.11.371YesProject Wall 

Passive (deg)Active (deg)R (ft)Zc (ft)Xc (ft)TypeFS req. codeFS minAnalyzedStage

Table: Analysis summary for all stages, Part 2

-2400.64402690.1960.9138.51Extreme IAASHTO LRFN/AxR (0.1 to 15)xL (-60 to -5)

962.8150493.2840.9138.51Extreme IAASHTO LRFN/AN/AN/A

-5149.032000.7590Extreme IAASHTO LRFN/AxR (25 to 80)xL (-80 to -40

-1850.86403187.430.75938.51Extreme IAASHTO LRFN/AxR (0 to 25)xL (-60 to -5)

1790.601000.75933.36Extreme IAASHTO LRFN/AN/AN/A

779.5660184.6760.75938.51Extreme IAASHTO LRFN/AN/AN/A

MEQ seismicWall Mres(k-Support MreNail checkNail force (k)Design CaseDesign ApproCrack (ft)Point 2Point 1

Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Table: Standard design approach or load combination by code
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ServiceUsed FS wall STR

1UPLift favorable

1UPLift unfavorable

1HYDraulic favorable

1HYDraulic unfavorable

1Water favorable

1Water unfavorable

1Earth favorable

1Earth unfavorable

1Shear strength Su

1Eff. cohesion c'

1tan(friction angle)

1.11Permanent anchors

1Temporary anchors

1Permanent loads

0.5Variable loads

1Seismic multiplier

1Slope Fres

Safety FactorParameter

Extreme ICase

AASHTO LRFD 9th (2018)Code

Table: Nails & max mobilized head forces

13.772.294960151450150: N1Nail 1

233.833960201500150: N1N3

25.434.238460201550150: N1N2

26.834.47160201600150: N1N1

25.294.214460201650150: N1N0

(k)(k/ft)(ft)(ft)(ft)(ft)(ft)degSection-

FheadFheadSpaceLfreeLfixEl.xαNailName

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.

Table: Surface point coordinates for last stage

1368014

1365713

1414012

141.527.511

1421410

14209

16708

167-0.17

173-186

173-305

173-354

173-503

173-762

176-801

El. (ft)x (ft)Point
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22N/A042135135ESU 4A

15N/A032110110ESU 1A

18N/A035120120ESU 1B

(psi)(psf)(psf)(deg)(pcf)(pcf)

ColorqBondSuc'Φ'γdryγtotName

Soil type property data

γtot = Total unit weight below water table
γdry = Bulk unit weight above water table
c' = Effective cohesion (in drained state for clays)
Φ' = Effective friction (in drained state for clays)
Su = Undrained shear strength (for clays in undrained condition)
qBond = Ultimate bond resistance for soil nails

0.331ESU 4A174.86

0.431ESU 1B177.68

KoOCRSoil typeTop elev.

Name: Boring 1, pos: (50, 0)
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Slope stability assumptions: Project Wall Height-Circ
Table: Basic analysis assumptions last stage

0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 149ft
Radii search ends at point x= 0ft, z= 134ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Circ-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 135ft
Radii search ends at point x= 0ft, z= 120ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0ft, xRmax= 25ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Project Wall Height-Auto-Global
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -80ft, xLmax= -40ft
Right search limits: xRmin= 25ft, xRmax= 80ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible Wall-Circ
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Circular search method applied
Search Limits from top left corner of wall
Left = -1 ft, Right = 20 ft, Horizontal intervals = 6
Top = 177 ft, Bottom = 0 ft, Vertical intervals = 6
Radii search starts from point x= 0ft, z= 144ft
Radii search ends at point x= 0ft, z= 129ft
5 radii intervals are used
Active angle limit is not used.
Passive angle limit is not used.
Service Support Capacities are included in slope stability.
Wall shear capacity is included for stability surfaces intersecting the wall (note: soldier pile wall = 0)
Shear and lateral force on vertical start and end faces is based on at-rest conditions
Number of intervals on vertical start and end faces = 30
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Slope stability assumptions: Forward Compatible-Auto
Table: Basic analysis assumptions last stage
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0.43Φ.b on bearing

0.75Φ.ht on bolts

1Φ.fp facing punching

1Φ.ff facing bending

0.65Φ.p nail pullout

0.65Φ.t nail STR strength

IgnoredNail shear

External-InternalNail stability

Same settings on all nailsSoil nail analysis

1%Tolerance

3ftMin. slice width

5Number of points

0.1ft to 15ftRight limits

-60ft to -5ftLeft limits

AutomaticSurface search

Mononobe-OkabeSeismic pressures

ax= 0.22g, az= 0gEarthquake

BishopMethod

1.1Min required FS

Extreme event, flood or seismicStage conditions

Maximum number of Iterations = 100, Tolerance = 0.01%
Maximum slice width = 3 ft
Analysis performed with automatic search, with 5 points.
Left search limits: xLmin= -60ft, xLmax= -5ft
Right search limits: xRmin= 0.1ft, xRmax= 15ft
Initial search grid: DXi= 0.5ft, DYi= 0.5ft
Force tolerance: 10%
Mobilized soil nail axial force distribution calculated with back analysis for FS=1.0
   Soil nail mobilization interaction factor Imob= 0.25
   Imob= 0 means that FX.mobilized = FX.nail for FS=1.0, Imob= 1 means that FX.mobilized = FX.nail ultimate
   Minimum soil nail mobilization factor SNmin.mob = 0
   Fx.mob = Fx(FS=1.0) + Imob x (Fx.ULT -Fx(FS=1.0)) >= SNmin.mob x Fx.ULT
Global mode parameters applied for slope stability analysis.
   Soil nail stability considers both external and internal stability (punching through facing).
   Soil nail shear is ignored in the analysis.

Shotcrete facing data design section Bishop
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Facing Thickness D= 6in

Concrete strength Fc'= 4ksi

Rebar and mesh yield strength Fy= 75ksi

Back face hor. reinforcement (or mesh) #8@8in area a.bh=1.185 in^2/ft

Back face vertical reinforcement (or mesh) #8@8in area a.bv=1.185 in^2/ft

Front face reinforcement (if used in permanent section)

Front face hor. reinforcement (or mesh) #8@8in area a.fh=1.185 in^2/ft

Front face vertical reinforcement (or mesh) #8@8in area a.fv=1.185 in^2/ft

6N/A142167YesForward Compatible-

6N/A142167YesForward Compatible 

6N/A148167YesProject Wall Height-A

6N/A148167YesProject Wall Height-A

6N/A148167YesProject Wall Height-Ci

6N/A148167YesProject Wall Height-Ci

(in)-(ft)(ft)Yes/NoName

ThicknessTwo stage facingBottom El.Top El.ActiveStage

Soil nail input data for design section Bishop

7560.7960151450150: N1Nail 1

7560.7960201500150: N1N3

7560.7960201550150: N1N2

7560.7960201600150: N1N1

7560.7960201650150: N1N0

(ksi)(in)(in^2)(ft)(ft)(ft)(ft)(ft)degSection-

FyDfixAsteelSpaceLfreeLfixEl.xαNailName

Header plate data
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N/AN/AN/A13616145Nail 1

N/AN/AN/A13616150N3

N/AN/AN/A13616155N2

N/AN/AN/A13616160N1

N/AN/AN/A13616165N0

Barsc studsStuds(in)(ksi)(in)(in)(ft)Number

Walerc studsStudsD open.FyThickWidthEl.Nail
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5102: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3233.1801: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3226.3600: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

15/22

SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
Soil nail results for design section: Bishop

Soil nail results Stage: 0
  Soil nail results available for this stage.

 Critical point at x= 12.089 z= 187.501 FS= 1.371

------------------Not ac4: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5116.853: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.510.062: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5101: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 1
  Soil nail results available for this stage.

 Critical point at x= 18.333 z= 196 FS= 1.556

------------------Not ac4: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3233.3603: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3225.1102: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3217.7501: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3211.5100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 2
  Soil nail results available for this stage.

 Critical point at x= -5.408 z= 178.779 FS= 3.19

------------------Not ac4: Nail 1

STRN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5138.513: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5133.312: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5118.631: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.516.20: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 3
  Soil nail results available for this stage.

 Critical point at x= -3.763 z= 178.228 FS= 6.264

------------------Not ac4: Nail 1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32003: N3

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32002: N2

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32001: N1

N/AN/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.32000: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

Soil nail results Stage: 4
  Soil nail results available for this stage.

 Critical point at x= 10.917 z= 197 FS= 1.418
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GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3238.5123.484: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5115.383: N3

Soil nail results Stage: 5
  Soil nail results available for this stage.

 Critical point at x= -5.75 z= 178.894 FS= 3.096

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66048.5253.3237.8133.114: Nail 1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5131.213: N3

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5115.522: N2

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.513.241: N1

GEON/AN/A0.140.08N/AN/AN/AN/ANot inNot inNot inNot in26.66064.6953.3238.5100: N0

Crit%inin3in4ftksfksfksfkkkkkkkkkkNail/Uni

Mode% STR t. lossSxxCalIxxCalcloPuPoksTC4 C4TC4TC3TC2TC1 STTcap GCAP GCAP SFmaxF

GENERAL SOIL NAIL DATA
Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)
F  = Soil nail axial tension force for critical failure surface (may not be the greatest)
Fmax  = Maximum soil nail tension from all analyzed critical failure surfaces
CAP STR  = Tensile structural design capacity for soil nail
CAP GEO  = Tensile geotechnical pull out resistance for soil nail
TcapGEO  = Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)
TC1  = Structural soil nail shear resistance
TC2  = Shear resistance according to Clouterre TC2 criterion
TC3  = Shear resistance according to Clouterre TC3 criterion
TC4  = Shear resistance according to Clouterre TC4 criterion
TC4 C4  = Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
kS  = Soil subgrade modulus reaction at failure surface-soil nail intersection point
Po  = Soil lateral pressure at failure surface-soil nail intersection point
Pu  = Ultimate lateral pressure at failure surface-soil nail intersection point
Lo  = Flexure length for shear calculations
IxxCalc  = Nail moment of inertia (adjusted for corrosion loss if assumed etc)
SxxCalc  = Nail section modulus (adjusted for corrosion loss if assumed)
t.loss  = Structural thickness loss (if assumed by the user)
%STR  = Structural capacity loss as a percentage (if assumed by the user)
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Appendix G – Soil Nail Verification Test Results 
Verification Test Procedures 
In accordance with project plans and specifications, verification nail installation and testing was performed to evaluate the 
design load transfer (DLT) value proposed for use in design of the soil nail wall. The verification nails and verification tests of 
those nails was performed in general accordance with Washington State Department of Transportation Standard Specifications 
6-15.3(6) and 6-15.3(8)A, respectively. As discussed in Section 1.1 of this report, multiple rounds of verification nail 
installation and testing were performed due to inconsistent results from testing. All of the test nails were drilled using a 
hollow-stem auger and gravity grouted. The sequence of events for the verification testing was as follows: 

• 2021-03-16: Two test pits were excavated for stand-up tests of the site soils.  
• 2021-03-22: Two verification nails were installed (VN-1 and VN-2).  
• 2021-03-26: Verification nail testing was performed on VN-1 and VN-2. Testing indicated that VN-1 met the 

creep criteria at 150 percent of DLT and achieved the required verification load (200 percent DLT). However, 
VN-2 failed while attempting to increase the loading to 150 percent of DLT. 

• 2021-05-26: Two additional verification nails were installed (VN-3 and VN-4). 
• 2021-06-02: Verification nail testing was performed on VN-3 and VN-4. Testing indicated that VN-3 passed the 

creep criteria while holding at 150 percent of DLT but failed while attempting to increase the load from 150 to 
175 percent of DLT. VN-4 met the creep criteria at 150 percent of DLT and achieved the required verification 
load of 200 percent DLT. 

• 2021-07-13: Two additional verification nails were installed (VN-5 and VN-6). 
• 2021-07-20: Verification nail testing was performed on VN-6 with testing indicating that the verification nail met 

the required creep criteria at 150 percent of DLT and achieved the required verification load of 200 percent of 
DLT. 

• 2021-07-21: Verification nail testing was performed on VN-5 with testing indicating that the verification nail met 
the required creep criteria at 150 percent of DLT but failed when attempting to increase the load to 175 percent of 
DLT. 

Verification 
Nail No. 

Wall 
Station 

Elevation 
(feet) 

Design Load 
Transfer  

(plf) 
Bond Length  

(feet) 
Maximum Test 
Load Achieved  

(plf) 
Verification 
Test Result 

VN-1 2+12 151 1,700 10 3,400 Pass 
VN-2 4+53 174 2,500 10 3,750 Fail 
VN-3 4+48 171 2,500 10 4,120 Fail 
VN-4 4+06 175 2,500 10 5,000 Pass 
VN-5 4+42 172 2,500 10 4,600 Fail 
VN-6 4+67 170 2,500 10 5,000 Pass 

Abbreviations: 
plf = pounds per linear foot 

The minimum pullout resistance was at least 3,400 pounds per linear foor (plf) and the maximum was at least 5,000 plf. The 
average pullout resistance was 4,275 plf, assuming that the maximum load tested at 200 percent of DLT is the ultimate pullout 
resistance. 

Revised Design Load Transfer and Soil-Grout Bond Stress  
For constructability, the contractor requested revising the design to use the lowest test result, which was 3,400 plf, for the upper 
three rows of the soil nails. Thus: 

200 percent of DLT = 3,400 plf; therefore DLT = 1,700 plf. 

Since the drill hole diameter is 6 inches, the ultimate soil-grout bond stress is:  

3,400plf / πd or 3,400 plf / 3.14*0.5 = 2,155psf = 15 pounds per square inch. 



 
 

 

 The contents of this field report were discussed with the contractor’s on-site 
representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record. 
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WSDOT I-405 Renton to Bellevue Design Build 
PROJECT NO. 

PS19-203160-0 
FIELD REPORT NO. 
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ADDRESS 
9.05R-B: Temp Soil Nail Wall  

DATE 
March 22, 2021 

PAGE 

1 OF 5 
CITY OR COUNTY 
Renton, WA 

PERMIT NO. 
 

ARRIVAL TIME 
9:15AM 

DEPARTURE TIME 
1:00PM 

CLIENT 
WSDOT 

WOOD ENGINEER OF RECORD/PHONE NO. 
Dong-Soo Lee / (425) 330-3082 

GENERAL CONTRACTOR 
FLJV/ Billy Myers (360) 515-8657 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 
Sierra Sirmans / (253) 652-9062  

SUBCONTRACTOR 
Drill Tech Drilling and Shoring Inc./Bill Creger (510) 598-
0609 

WEATHER 

 Overcast Slight Rain, Mid 50’s 
TYPE OF WORK PERFORMED 
Wall 9.05R-B: Drilling/installation of Verification Test Nails VN-1, VN-2 
EQUIPMENT USED 
DTDS: Klemm KR8063D track-mounted drill rig w/ 6-inch dia. auger 

 

COMMENTS 

Wall 9.05R-B: Proof Test Nails 
 
Wood was onsite to observe the installation of two verification test nails, VN-1 and VN-2.  Upon arrival DTDS began setup 
at STA 2+14. The first proof test nail installed, VN-1, is indicated on the plan sheet on page two at approximate STA 2+14. 
The drill rig was positioned roughly perpendicular to the wall face with the drill mast inclined at 15 degrees. An open-hole, 
auger drilling technique with 6-inch diameter, continuous flight hollow stem auger was used to advance the hole. Drilling 
disclosed loose to medium dense sand to silty sand with the auger advanced to approximately 16 feet. Once the cuttings 
had been removed by repeated passes with the auger, 19 ft, #9-solid (threaded) bar nail with properly placed centralizers 
was installed after drilling.  3.5 FT of the nail bar projects out of the face of the drilled hole, see Photograph One.  
 
The second verification test nail installed, VN-2, was at STA 4+50. The placement of this proof test nail was first called to 
be at STA 4+16, however DTDS indicated that the marked location (vertical cut with red marking paint) was at STA 4+50. 
Verification calls were made by DTDS to Bill Creger and by Wood to Bill Lockard to confirm the location. The verification 
test was confirmed to be installed at Sta 4+50 to be in a location that would lie within glacial till that is exposed in the 
adjacent test pit. The drilling and installation proceeded at STA 4+50 as described above. The hole was drilled to an 
approximate depth of 16 feet and a 19FT, #9-solid (threaded) bar nail with properly placed centralizers was installed after 
drilling. 3.8 FT of the nail bar projects out of the face of the drilled hole, see Photograph Two.  
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COMMENTS 

After both verification test nails were installed, DTDS mixed and pumped neat cement grout into VN-1. Wood confirmed a 
ten-foot bond zone was completed by DTDS. VN-2 was then filled with grout and was also confirmed to have a ten-foot 
bond zone.  

Table 1: Soil Nail Record 
Verification Soil Nails (VN-#) 

Nail No. Station (STA) Row Bar Length (ft) 
Bond 

Length 
(ft) 

No Load 
Length 

(ft) 
VN-1 2+14 NA 19 10 5.5 
VN-2 4+50 NA 19 10 5.2 

 
 
 
 
Test Pits: 
 
Two test pits were observed on site adjacent to the south side of either VN-1 and VN-2. Photograph three shows the test 
pit south of VN-1, photograph four shows the test pit south of VN-2. Neither test pit had significant accumulation of 
material and no indication of caving or cracking on the face.  
 
 
 
 
 
 



 

 

 
Site Plan 1 & 2: Proof Test Soil Nail Locations 
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Photograph One –   VN-1  Photograph Two –   VN-2 
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STA 4+50 

Test Pit  

Test Pit 

VN-1 
VN-2 
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Photograph Three - Test Pit adjacent to VN-1 Photograph Four - Test Pit adjacent to VN-2 



 
 

 

 The contents of this field report were discussed with the contractor’s on-site 
representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record. 
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ARRIVAL TIME 
8:00AM 

DEPARTURE TIME 
2:45PM 

CLIENT 
WSDOT 

WOOD PROJECT MANAGER/PHONE NO. 
Milan Radic / (425) 589-4202 

GENERAL CONTRACTOR 
FLJV/ Ken Horton (360) 630-3553 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 
Sierra Sirmans / (253) 652-9062  

SUBCONTRACTOR 
DTDS Inc./ Bill Creger (510) 598-0609 

WEATHER 

 Overcast, mid 40’s 
TYPE OF WORK PERFORMED 
Wall 9.05 R: Soil Nail Wall, Soil Nail Verification Stressing 
EQUIPMENT USED 
DTDS: Power Team RH605 Ram & pump, McDaniel 316SS gauge, GeoKon 1000-200-2 load cell, GeoKon GK-502 load cell readout, 
generator 

 

COMMENTS 

Wall 9.05 R: Soil Nail Verification Stressing 
 
Wood Environmental & Infrastructure Solutions Inc. (Wood) was onsite to observe verification nail testing of the two 
verification test soil nails previously installed on 03/22/21.  Upon arrival DTDS began setup on VN-1 at STA 2+14. Four 
wood planks and a ½-inch plate were positioned against the vertical cut on the wall to stabilize the material around then 
soil nail. A GeoKon load cell was placed between two ½-inch steel plates. A dial gage was then positioned on the second 
plate, oriented parallel with the nail and direction of pull. (See photographs 1 & 2 for a detail view of the testing setup). 
 
For each proof nail tested today DTDS began applying incremental loads on the nail while monitoring the movement of 
the nail by the dial gage. Loading applied by the ram was monitored by the pressure gauge and by the load cell. Each 
incremental load held varied from 10 minutes to 1 hour and Wood monitored the changes on the dial gauge and kps on 
the load cell readout GK-502, along with; DTDS, and Kleinfelder reps recorded the movement of the nail at the beginning 
and end of the hold period along with the load information. For VN-1, at the 150% DTL, the load was held for 60 minutes. 
After the 60 minutes, we increased to 175% DTL for ten minutes, followed by 200% DTL for ten minutes. Finally, the load 
was slowly released down to the alignment load and held until the movement recording was taken. The loading was then 
released and DTDS began disassembling the testing setup. 
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DTDS then moved the testing equipment to VN-2 and set it up in a similar manner previously described and performed 
the verification testing on VN-2. The test for VN-2 was called off during the 150% DTL after three minutes when DTDS 
observed the dial gauge “max out.” The equipment remained untouched while DTDS reps attempted to stabilize the load 
and search for any disruptions in the system. At ten minutes, a recording was taken however the load test was assumed 
failed after only three minutes at 150% DTL.  
 
Measurements recorded for VN-1 and VN-2 are on pages five and six. 
 
After the equipment was taken down at VN-2, Wood departed around 2:45pm. 
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Approx. VN-1 

Approx. VN-2 



 

 

 

Photograph 1: 

Detail of powerpack w/pressure gauge, hydraulic ram, load cell and dial gage setup on VN-1 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 2: Setting up on VN-2 
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 The contents of this field report were discussed with the contractor’s on-site 
representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record. 
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PROJECT NAME 

WSDOT I-405 Renton to Bellevue Design Build 
PROJECT NO. 

PS19-203160-0 
FIELD REPORT NO. 
2021-05-26~PLR-SNW-9.05R 

ADDRESS 
Wall 9.05R Soil Nail Wall  

DATE 
May 26, 2021 

PAGE 

1 OF 3 
CITY OR COUNTY 
Renton, WA 

PERMIT NO. 
 

ARRIVAL TIME 
7:00 AM 

DEPARTURE TIME 
11:30PM 

CLIENT 
WSDOT 

WOOD ENGINEER OF RECORD/PHONE NO. 
Dong-Soo Lee / (425) 330-3082 

GENERAL CONTRACTOR 
FLJV/ Billy Myers (360) 515-8657 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 
Pat Reed / (206) 391-6609  

SUBCONTRACTOR 
Drill Tech Drilling and Shoring Inc./ 
Bill Creger (510) 598-0609 

WEATHER 

 Partly Sunny Mid 50s 
TYPE OF WORK PERFORMED 
W9.05R Soil Nail Wall Additional Verification Nails 
EQUIPMENT USED 
FLJV: John Deere 135G Excavator, DrillTech: Cat C235 Track-mounted Soil Nail Drill (ID# KR-2510) w/ 4x10ft drill stem & 6-inch dia 
drag bit, Air Compressor 750-3 (AC153), Grout mix plant w/ pump. 

 

COMMENTS 

09.05R: Temporary Soil Nail Wall 
 

As requested by general contractor, Wood Environmental & Infrastructure Solutions Inc. (Wood) was onsite to observe 
drilling and installation of two additional Verification Nails (VN) VN-3 and VN-4.  This activity was in support of 
construction of permanent wall 09.05R.  Prior to our arrival, an operator for Flat Iron Joint Venture (FLJV) used a large 
bulldozer to place fill from STA 4+50 to 3+50 (approximately) to create access for the drilling rig.  The ground surface was 
near 170 feet in elevation at both of the boring locations.  Upon our arrival Drill Tech Drilling and Shoring Inc. (DTDS) 
drilled VF-3 at STA 4+48 and VF-4 at STA 4+06.  Both borings were drilled in 17 feet at an inclination of 15 degrees.  
DTDS utilized an open-hole drilling method (uncased) by means of the KR-2510 excavator mounted, continuous flight 
auger drill rig with four 10-foot-long sections.  During drilling Wood observed soil conditions to consist of dry, light 
brown, silty SAND.  The auger was inserted and withdrawn to clean out the boring. 
 
Shortly after drilling, DTDS installed the soil nail tendons consisting of #9 (1 1/8th inches) Dwyidag threaded tendons, 
without corrosion protection (bare) with five centralizers, one at 1.5-foot and 7.5-foot off center after that (measured from 
the tip of the nail). The bars were inserted to 17 feet back from the face, leaving three feet in front of the face for jacking.  
Wood observed insertion of the tendons into the drilled holes noting nail tendons went in smoothly.  DTDS placed a 
tremie into the bottom of each hole and monitored the grout installation using a flashlight, halting the flow when the 
bottom ten feet of the bar was covered.   
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Table 1- Soil Nail Summary Information 
Nail No. Row Bar Length (ft) Bond Length (ft) No Load Length (ft) 

VF-3 NA 20 10 10 
VF-4 NA 20 10 10 
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 The contents of this field report were discussed with the contractor’s on-site 
representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record. 
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WSDOT I-405 Renton to Bellevue Design Build 
PROJECT NO. 

PS19-203160-0 
FIELD REPORT NO. 
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ADDRESS 
Wall 9.05R Soil Nail Wall  

DATE 
June 2, 2021 

PAGE 
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CITY OR COUNTY 
Renton, WA 

PERMIT NO. 
 

ARRIVAL TIME 
7:00 AM 

DEPARTURE TIME 
2:00 PM 

CLIENT 
WSDOT 

WOOD ENGINEER OF RECORD/PHONE NO. 
Dong-Soo Lee / 425-330-3082 

GENERAL CONTRACTOR 
FLJV/ Billy Myers (360) 515-8657 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 
Pat Reed / (206) 391-6609  

SUBCONTRACTOR 
Drill Tech Drilling and Shoring Inc./ 
Bill Creger (510) 598-0609 

WEATHER 

 Sunny 80 degrees 
TYPE OF WORK PERFORMED 
W9.05R Soil Nail Wall Additional Verification Nails 
EQUIPMENT USED 
FLJV: John Deere 135G Excavator, DrillTech: Cat C235 Track-mounted Soil Nail Drill (ID# KR-2510) w/ 4x10ft drill stem & 6-inch 
Dia. drag bit, Air Compressor 750-3 (AC153), Grout mix plant w/ pump. 

 

COMMENTS 

09.05R: Soil Nail Wall 
 

As requested by general contractor, Wood Environmental & Infrastructure Solutions Inc. (Wood) was onsite to observe the 
verification testing of Verification Nails (VN-3 and 4).  The ground surface was near 170 feet in elevation at both of the 
boring locations.  Upon our arrival Drill Tech Drilling and Shoring Inc. (DTDS) set up the testing apparatus on VN-3.  The 
cut behind the nail was approximately three feet high.  Several 4 x 6 timbers were placed vertically against the wall surface, 
and covered with a steel plate 2 x 2 feet in area, approximately one half inch in thickness, with a hole in the center for the 
bar to be tested.  A 50-ton jack cylinder (DT50-6-9) was placed on the bar, followed by another plate, a load cell, and a 
final plate (photo, page 4).  The Load Cell reports on a separate unit in lbs of force applied.  A feeler gauge was set up on a 
tripod independent of the jack and pile.  The dial was set at 0.  The pump and pressure gauge corresponded to the DTDS 
DT50-6-9A calibration sheet.  The bars were Number 9 (1 1/8 inch) DWIDAG steel.  A nut was used to secure the bar to the 
jack.  The depth to the grout was confirmed to be 10 feet.  The bar of VN-3 was measured 33 inches from the wall to the 
tip.  VN-4 measured 36 inches in front of the wall. The overall length of the bars was 20 feet. The stressing length was 9 
feet during both tests.  During the drilling of VN-3 Wood observed soil conditions to consist of dry, light brown, silty 
SAND along the entire boring.  The other test nail, VN-4 was installed in gravelly silty SAND that was similar to glacial till.   
 
DTDS began to add pressure to the system, as shown on the reports for VN-3 and 4.  The load, PSI, and stepped increase 
in pressure were verified by both Wood and DTDS prior to the start of the test.  The timber and steel plate were pushed 
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back approximately 4 to 6 inches during the test loading on both piles.  The crew needed to add more pressure during 
some of the test holds to keep the same load.  This is a function of both the hydraulic system of the test equipment and 
the movement of the timbers back into the slope.  The creep test (change in rate of motion over time) test was successful 
for both nails.  The sequence of load increases is shown in the attached PDFs of the test results.   
 
After the hour hold for the creep test at 150% the test called for an increase of the load to 175 and 200% of the design 
load.  VN-3 failed Just above 150% (at 4000 psi/41.2 kips).  The bar popped out, knocking over the movement gauge.  VN-
4 performed well but was brought to a top load of 45.3 kips rather than 50 because the timbers were splitting and moving, 
creating a safety issue.  The Soil Nail test reports are in 3.1 Design\Geotechnical\CONSTRUCTION\_Inspection 
Observation Records\09.05R-B_Soil Nail Installation Logs\ 
 
 
 
 
 
 
 
 

Table 1- Soil Nail Summary Information 

Nail No. Pass/Fail Average Creep 
Rate (in/min) 

Maximum 
Elongation (in) 

Bond Length (ft) 

VF-3 Fail 0.006 Pulled out 10 
VF-4 Pass 0.003 0.576 10 
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 The contents of this field report were discussed with the contractor’s on-site 

representative. 

 

 

 

 A preliminary copy of this field report was left on site. All recommendations contained 

herein are subject to change pending review by the WOOD Engineer of Record. 
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ADDRESS 

Soil Nail Wall 09.05R-B 

DATE 

July 13, 2021 

PAGE 
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CITY OR COUNTY 

Renton, WA 

PERMIT NO. 

 

ARRIVAL TIME 

7:00 AM 

DEPARTURE TIME 

10:30 AM 

CLIENT 

WSDOT 

WOOD ENGINEER OF RECORD/PHONE NO. 

Todd Wentworth / (425) 864-0517 

GENERAL CONTRACTOR 

FLJV/ Ken Horton (360) 630-3553 

WOOD FIELD REPRESENTATIVE/ MOBILE NO. 

Patricia L Reed/206-391-6609 

SUBCONTRACTOR 

DTDS/ Bill Creger (510)598-0609 

WEATHER 

 Sunny, 70 degrees F  

TYPE OF WORK PERFORMED 

Installation of two additional test nails – VN-5 and VN-6 

EQUIPMENT USED 

Klemm-style drilling rig with 8-inch auger, kettle-type grout plant on a lowboy, pickup with water tank on trailer 
 

COMMENTS  

Soil Nail Wall 09.05R  

 

Wood Environmental & Infrastructure Solutions Inc. (Wood) was onsite to observe the installation of two additional 

verification soil nails.  The nails are “9-bar” uncoated steel.  According to Bill Creger with DTDS, the production nails are #8 

and #10 nails; the bars used for the verification testing are #9 because the #8 bars will not take the DTL of 50 kips, and the 

#10 bars are epoxy-coated.   The centralizers placed on the bars were at 1.5 and 8.4 feet from the bottom end.  Each was 

doubled (see photo) because they only had 6-inch centralizers and the bars were sinking into the sand.  The additional 

centralizers lifted the bars further off the bottom of the boring. 

 

VN-5 was drilled at STA 4+42, about 15 feet west of the site boundary, at an estimated elevation of 172 feet.  It was drilled 

to 17 feet from the slope face. The subgrade was yellowish brown poorly graded SAND with trace gravel in a moist 

condition.  The nail was placed without difficulty and set on the extra centralizers and a rock at the upper end of the nail. 

It was drilled at 08:06 hours and grouted at 09:58 due to issues with the grout plant.  Kleinfelder did collect a sample of 

the grout for laboratory analysis.  The grout was brought up to cover the centralizer at 8.4 feet to a depth of 10 feet, 

leaving 10 feet unbonded.  The upper three feet of the nails was exposed at the slope face.  DTDS added grout in 15 

minute intervals after observing and measuring the grout depth from the face of the slope. 

 

VN-6 was drilled at STA 4+67, about 20 feet west of the site boundary, at an estimated elevation of 165 feet.  It was drilled 
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COMMENTS  

to 17 feet from the slope face. The subgrade was yellowish brown poorly graded SAND in a moist condition.  The nail was 

placed without difficulty and set on the extra centralizers and a rock at the upper end of the nail.  It was drilled at 08:24 

hours and grouted at 10:01 due to issues with the grout plant.  Kleinfelder did collect a sample of the grout for laboratory 

analysis.  The grout was brought up to cover the centralizer at 8.4 feet to a depth of 10 feet, leaving 10 feet unbonded.  

The upper three feet of the nails was exposed at the slope face.  DTDS added grout in 15-minute intervals after observing 

and measuring the grout depth from the face of the slope. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Site Plan 1: Verification Nail Installations 
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Soil Nail Wall 09.05R-B July 13, 2021 3 OF 4 

VN-5 

VN-6 



 

 

 

Photo Sheet 1: Verification Nail Installation 
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centralizer 
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 The contents of this field report were discussed with the contractor’s on-site 
representative.

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record.

WOOD FIELD REPRESENTATIVE

WOOD ENGINEER OF RECORD

//

Wood Environment & Infrastructure Solutions, Inc.
4020 Lake Washington Blvd. NE, Suite 200 
Kirkland, WA 98033

Tel (425) 368-1000
Fax (425) 368-1001 Special Inspection Report

PROJECT NAME

WSDOT I-405 Renton to Bellevue Design Build
PROJECT NO.

PS19-203160-0
FIELD REPORT NO.

2021-07-20-PLR-SNW 9.05R-B
PAGEADDRESS

Wall 9.05R-B Soil Nail Wall 
DATE

July 20, 2021 1 OF 3
CITY OR COUNTY

Renton, WA
PERMIT NO. ARRIVAL TIME

7:30 AM
DEPARTURE TIME

10:30 AM
CLIENT

WSDOT
WOOD ENGINEER OF RECORD/PHONE NO.

Todd Wentworth / (425) 864-0517
GENERAL CONTRACTOR

FLJV/ Billy Myers (360) 515-8657
WOOD FIELD REPRESENTATIVE/ MOBILE NO.

Pat Reed / (206) 391-6609 
SUBCONTRACTOR

Drill Tech Drilling and Shoring Inc./
Bill Creger (510) 598-0609

WEATHER

 Cloudy, light mist, 65 degrees
TYPE OF WORK PERFORMED

W9.05R Soil Nail Wall Additional Verification Nails VN-5 and VN-6
EQUIPMENT USED

Soil Nail Testing Equipment 

COMMENTS

Wood’s representative was on site to observe the Verification Testing of two additional soil nails, VN-5 and VN-6.  Both 
nails were installed on July 13, 2021.  DTDS installed VN-5 in an area where the native subgrade consisted of poorly 
graded medium sand with gravel.  The other nail, VN-6 was installed in an area of poorly graded medium sand without 
gravel.  Both nails were installed at an inclination of 15 degrees.  The difference from previous test nail installations was 
the use of an 8-inch diameter drill.  

The measurements of the grout level today were both 7-feet from the native soil wall back to the grout.  DTDS placed 
several 4 by 6-inch timber boards (6-feet long) behind a 3 by 3-inch steel plate.  The ram of a 50-ton jack was placed on 
the nail.  A load cell was placed next, and then a 6 by 6-inch steel plate and a nut.  The tip of the nail was 25.5-inches from 
the front of the timber cribbing.  The Gauge used was DT50-6-9A, the pump was OTC-4.  

The test of VN-6 met project specifications.  The creep was within parameters, and the elongation was also within 
parameters.  The test for VN-5 was set and started, however as testing progressed it was noted that the cribbing began to 
push a block of soil up the slope behind the wall face when at about 75% of the design load.  Further loading would move 
the sand rather than testing the design of the nails.  We discussed options with DTDS (Scott Brown) and agreed to install 
two Eco blocks against the slope to provide a wider distribution of the pressure.  Scott Brown said that he needed to 
locate two Eco blocks and bring in their excavator to place the blocks.  He estimated that it would take until tomorrow 
morning about 10 AM to prepare the location.  Test data is attached as Attachment #1
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PROJECT NAME PROJECT NO. FIELD REPORT NO.

WSDOT I-405 Renton to Bellevue Design Build PS19-20316-0 2021-07-20-PLR-SNW 9.05R-B
DESCRIPTION DATE PAGE

Approximate Location of Verification Soil Nails July 20, 2021 3 OF 3

VN-5
VN-6



09.05R
25

N/A
N/A
20
10
10
7
9

1.00
75
29,000        

Load
%DL kip Design Actual kip Start End
AL 1.8 37        3,750  37.0            0.000 0.000 until stable

0.25 (DL) 6.25 477      600     6.1              0.030 0.030 5 minⱡ

0.50 (DL) 12.5 1,096    1,100   11.1             0.068 0.068 5 minⱡ
0.75 (DL) 18.75 1,714     1,800   18.2            0.100 0.101 10 min
1.00 (DL) 25 2,332   2,450  24.8           0.125 0.126 10 min
1.25 (DL) 31.25 2,950   3,050  30.8           0.136 0.136 10 min
1.50 (DL) 37.5 3,568   3,600  36.4           0.164 0.169 1 min
1.50 (DL) 37.5 3,568   3,600  0.164 0.163 2 min
1.50 (DL) 37.5 3,568   3,600  0.164 0.162 3 min
1.50 (DL) 37.5 3,568   3,600  0.162 0.160 5 min
1.50 (DL) 37.5 3,568   3,600  0.160 0.166 6 min
1.50 (DL) 37.5 3,568   3,600  0.166 0.166 10 min
1.50 (DL) 37.5 3,568   3,600  0.166 0.166 20 min
1.50 (DL) 37.5 3,568   3,600  0.164 0.165 30min
1.50 (DL) 37.5 3,568   3,600  0.168 0.168 40 min
1.50 (DL) 37.5 3,568   3,600  0.165 0.165 50 min
1.50 (DL) 37.5 3,568   3,600  0.164 0.164 60 min

1.75 43.75 4,187    4,250  43.0           0.176 0.175 10 min
2 50 4,805   4,850  49.0           0.244 0.260 10 min

AL 1.8 37        0.084 0.083 until stable

Wood. Soil Nail Verification Testing Record
Soil Nail Number: VN-6 Wall Number:
Project Number: PS19-20316-0 Design Load (kip):
Project Name: I-405 RTB Widening Design Lockoff Load (kip):
Wood's Observer: Patricia Reed Actual Lockoff Load (kip):
Date: 7/20/2021 Total Bar Length (feet):
Contractor: Drill Tech Bond Length (feet):
Ram: Orbit ORDH506 Unbond Length (feet):
Ram Serial #: DT50-6-9B Stressing Length w/ Tail (feet): 
Pressure Gauge: McDaniel, Model 316SS Bar Size:
Gauge Serial #: DT50-6-9A Bar Area (in^2):
Calibration Date: 5/19/2021 Bar Grade (ksi):
Certificate #: 359828275 Bar Modulus (ksi):

Soil Nail Load Gage (psi) Observed Elongation (in)
Hold Time

* Jack pressure was declining over time.  Pressure increased back to test load.
ⱡ  Time reduced based on stability of elongation.   
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Wood. Soil Nail Verification Testing Record Page 1 of 

2 

 

 
Soil Nail Number: VN-6 Wall Number: 09.05R   

 

 
Project Number: PS19-20316-0 Design Load (kip): 25 

 

 
Project Name: I-405 RTB Widening Design Lockoff Load 

(kip): 
N/A 

 

 
Wood's Observer: Patricia Reed Actual Lockoff Load 

(kip): 
N/A 

 

 
Date: 7/20/2021 Total Bar Length (feet): 20 

 

 
Contractor: Drill Tech Bond Length (feet): 10 

 

 
Ram: Orbit ORDH506 Unbond Length (feet): 10 

 

 
Ram Serial #: DT50-6-9B Stressing Length w/ Tail 

(feet):  
7 

 

 
Pressure Gauge: McDaniel, Model 316SS Bar Size: 9 

 

 
Gauge Serial #: DT50-6-9A Bar Area (in^2): 1.00 

 

 
Calibration Date: 5/19/2021 Bar Grade (ksi): 75 

 

 
Certificate #: 359828275 Bar Modulus (ksi):         29,000  

 

 
  

 
 

Soil Nail Load Gage (psi) Load Observed Elongation 
(in) 

Hold Time Enter 
Start Time 

 

 
%DL kip Design Actual kip Start End 

 

 
AL 1.8         37       300           3.0  0.000 0.000 until stable 7:48 

 

 
0.25 (DL) 6.25       477       600           6.1  0.030 0.030 5 minⱡ   

 

 
0.50 (DL) 12.5     1,096     1,100          

11.1  
0.068 0.068 5 minⱡ   

 

 
0.75 (DL) 18.75     1,714     1,800         18.2  0.100 0.101 10 min   

 

 
1.00 (DL) 25    2,332    2,450         24.8  0.125 0.126 10 min   

 

 
1.25 (DL) 31.25    2,950    3,050         30.8  0.136 0.136 10 min   

 

 
1.50 (DL) 37.5    3,568    3,600         36.4  0.164 0.169 1 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.164 0.163 2 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.164 0.162 3 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.162 0.160 5 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.160 0.166 6 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.166 0.166 10 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.166 0.166 20 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.164 0.165 30min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.168 0.168 40 min   

 

 
1.50 (DL) 37.5    3,568    3,600    0.165 0.165 50 min   

 

  1.50 (DL) 37.5    3,568    3,600    0.164 0.164 60 min     
 

1.75 43.75     4,187    4,250         43.0  0.176 0.175 10 min   
 

 
2 50    4,805    4,850         49.0  0.244 0.260 10 min   

 

 
AL 1.8         37      0.084 0.083 until stable   

 

 
                    

 



 

 

 
* Jack pressure was declining over time.  Pressure increased back to test load. 

 

 
ⱡ  Time reduced based on stability of elongation.    
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 The contents of this field report were discussed with the contractor’s on-site 
representative.

 A preliminary copy of this field report was left on site. All recommendations contained 
herein are subject to change pending review by the WOOD Engineer of Record.

WOOD FIELD REPRESENTATIVE

WOOD ENGINEER OF RECORD

//

Wood Environment & Infrastructure Solutions, Inc.
4020 Lake Washington Blvd. NE, Suite 200 
Kirkland, WA 98033

Tel (425) 368-1000
Fax (425) 368-1001 Special Inspection Report

PROJECT NAME

WSDOT I-405 Renton to Bellevue Design Build
PROJECT NO.

PS19-203160-0
FIELD REPORT NO.

2021-07-21-PLR-SNW 9.05R-B
PAGEADDRESS

Wall 9.05R-B Soil Nail Wall 
DATE

July 21, 2021 1 OF 2
CITY OR COUNTY

Renton, WA
PERMIT NO. ARRIVAL TIME

10:30 AM
DEPARTURE TIME

12:30 PM
CLIENT

WSDOT
WOOD ENGINEER OF RECORD/PHONE NO.

Todd Wentworth / (425) 864-0517
GENERAL CONTRACTOR

FLJV/ Billy Myers (360) 515-8657
WOOD FIELD REPRESENTATIVE/ MOBILE NO.

Pat Reed / (206) 391-6609 
SUBCONTRACTOR

Drill Tech Drilling and Shoring Inc./
Bill Creger (510) 598-0609

WEATHER

 Sun, 75 degrees
TYPE OF WORK PERFORMED

W9.05R-B Soil Nail Wall Additional Verification Nail VN-5
EQUIPMENT USED

Soil Nail Testing Equipment 

COMMENTS

Wood’s representative was on site yesterday and today to observe the Verification Testing of two additional soil nails, VN-
5 and VN-6.  Both nails were installed on July 13, 2021.  DTDS installed VN-5 in an area where the native subgrade 
consisted of poorly graded medium sand with gravel.  The other nail, VN-6 was installed in an area of poorly graded 
medium sand without gravel.  Both nails were installed at an inclination of 15 degrees.  The difference from previous test 
nail installations was the use of an 8-inch diameter drill rather than a 6-inch.  Yesterday VN-6 met project requirements, 
passing both the creep and elongation parts of the test. We utilized the PSI values provided by DTDS on both tests. The 
test of VF-5 was halted yesterday due to collapse of the ground behind the testing rig.  

The measurement of the grout level today on VN-5 was 7-feet from the native soil wall back to the grout.  DTDS placed 
four Eco-blocks around the nail.  They then laid several 4 by 6-inch timber boards (6-feet long) behind a 3 by 3-inch steel 
plate.  The ram of a 50-ton jack was placed on the nail.  A load cell was placed next, and then a 6 by 6-inch steel plate and 
a nut.  The tip of the nail was 35-inches from the front of the timber cribbing.  The Gauge used was DT50-6-9A, the pump 
was OTC-4.  

The test of VN-5 did not meet project specifications.  The creep at 150% of DTL was within parameters, and the elongation 
was also within parameters, but the nail began to pull out at a load of 4100 psi (just under 175% of DTL). 
Test data is attached as Attachment #1
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Wood. Soil Nail Verification Testing Record Page 1 of 1
Soil Nail Number: VN-5 Wall Number: 09.05R
Project Number: PS19-20316-0 Design Load (kip): 25

Project Name: I-405 RTB Widening
Design Lockoff Load 
(kip): N/A

Wood's Observer: Patricia Reed
Actual Lockoff Load 
(kip): N/A

Date: 7/21/2021 Total Bar Length (feet): 20
Contractor: Drill Tech Bond Length (feet): 10
Ram: Orbit ORDH506 Unbond Length (feet): 10
Ram Serial #: DT50-6-9B S.length with tail (feet) 7
Pressure Gauge: McDaniel, Model 316SS Bar Size: 9
Gauge Serial #: DT50-6-9A Bar Area (in^2): 1.00
Calibration Date: 5/19/2021 Bar Grade (ksi): 75
Certificate #: 359828275 Bar Modulus (ksi):         29,000  

 

Soil Nail Load Gage (psi) Load Observed Elongation 
(in)

%DL kip Design Actual kip Start End
Hold Time Enter Start 

Time

AL 1.8         37      300    37.0 0.000 0.000 until stable 10:50
0.25 (DL) 6.25       477      600      6.1 0.010 0.010 5 minⱡ  
0.50 (DL) 12.5     1,096    1,200     12.1 0.045 0.045 5 minⱡ  
0.75 (DL) 18.75     1,714    1,850    18.7 0.082 0.082 10 min  
1.00 (DL) 25    2,332   2,500    25.3 0.121 0.121 10 min  
1.25 (DL) 31.25    2,950   3,050    30.8 0.167 0.167 10 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.230  1 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.233  2 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.233  3 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.233  5 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.232  6 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.238  10 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.242  20 min  
1.50 (DL) 37.5    3,568   3,700    37.4 0.242  30min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.242  40 min  
1.50 (DL) 37.5    3,568   3,650    36.9 0.242  50 min  
1.50 (DL) 37.5    3,568   3,700    37.4 0.246  60 min   

1.75 43.75     4,187    4,100    41.5 0.623 0.627 10 min  
2 50    4,805   4,850    10 min  

AL 1.8         37      300  1.308  until stable  
          

 
ⱡ  Time reduced based on stability of elongation.   
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W†ł†łd. 		Soi!NailVerŁ`cationTestingRecord 						Pagelofl 

So‚úa“ûumber†d†@†@‡à/’ú†e5†P‡†g 					Wa=Number:†@†@†@†@†@†@†@09.05R 			™ı”q 

PrqiectNumber:†@†@†@PS19-20316-0 					DesignLoad(kip):†@†@†@Ł›‡¤†P 

PrqjectName:†@†@L405RTBWidening 					DesignLockoffLoad(kip):†@N/A 

Wood†fsObserver:†@†@†@Pat†uiciaReed 					ActuafiùockoffLoad(k”ž†@†@N/A 

Date†d†@†@†@†@Ÿe/‘Û/ 					™ıota’ÈarLength(fee‚’†@†@Œ÷? 

Contractor†d†u…t1D“¡†fDŁł†PTech 					BondLength“øet):†@†@Ł”7 

Ram†d†@”QŠfi‘`ŁqflV“»”ÐŒ¼†P“ÙŒD 					UnbondLength(feet)†d†@†@/0 

RamSerial#†d†@†‹D’ç’Î‡Â_C‹ê’ß? 					S†ElengthwithtaŒ¦eet)†@†@7 

Pressu†ueGauge†d†@Šb‹ê’VŒW„¿/‚â…À†Ú”÷ 					BarSize:†@†@†@†@†@†@’\ 

GaugeSeria 	#†dfivŁJ’Þ‹ê‰U†g‡±‘ü†ffis‡à’Þ 				Ba†uArea(in†È2)†d†@†@†@†@ŒØ‚\_ 

Ca‰„aŁS†ZnDŠ¿†@fi®„[…^…X/ 					BarGrade(ksi)†d†@†@†@†@…A…` 

CeŁãcate#†d†@…u…i“I†Y‡Ýgr‰ł„`/ 					BarModulus(ksi):†@†@†@†@†@29,000 

Soi!NaiI‡µoad 		Gage(PSi) 		‡µoad 	bservedE!ongation(in 		HoldTime 	EnterSta‰Ð ™ıime 

%D‡µ 	kip 	Design 	A›ual 	kip 	St’q‰Ð 	End 

A†v 	‘ã†æ 	‡¤†[7 	†B…tDD 	†‹†‹ 	0(DD†Z 	/0.†k‰•D 	untiIstable 	l‰Ÿ‰{†P‘´ 

0.2Š^(D†v) 	‡€. 	/ŁK7 	†‹‡ñ›P‡Ì 	”© 	‡Ì†B†Ý…m0 	†Ý…N⁄@Ie 	Š^m‘Ú 	 

0.Š^0(D†v) 	„Þ. 	“»”qb 	/„È‡Ì 	™ë,I 	…N,Š¼fiŽ†æ 	0.Dl‰• 	Š^mi”§ 	 

0.7Š^(D†v) 	‰U…N 	‘¾’Ÿ 	I†Y}‰ø 	‰‘†„ŸZ 	ŒT‘Ø…u−Ç 	…À,%>›³./ 	10m−‹ 	 

1.00(D‡µ) 	‰š”q 	†Ú3‡¤‚½ 	/†E1›°†g›°†Pfi®““ 	fiÜfiñ‹ê 	‘.!…t! 	†Ý,j2_I 	10m−‹ 	 

1.2Š^(D†v) 	…›I.fl³ 	Z−±‡·‘ 	†A‡¤DŠ® 	†„…^Š’fl 	™ı”q†‹ 	Š\„¾fiñfiñ 	10min 	 
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